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Environmental justice (EJ) grew out of the Civil Rights movement of the 1960s, as 
well as grass roots organizations during the 1980s and early 1990s. However, it was not 
until President William J. Clinton signed Executive Order (EO) 12898 in 1994 that EJ 
became an official governmental policy. With this directive, federal agencies made EJ 
part of their daily operations. EO 12898 had two overriding goals, the fair treatment and 
meaningful involvement of all populations. As part of these goals, minority, low-income, 
and native populations would be analyzed for any disproportionate and adverse impacts 
on human or environmental health. Despite EJ’s potential and growth over the last 20 
years, there are multiple policies in place at the federal, state, and local levels of 
government. Therefore, this study will assess six different EJ guidelines (four federal, 
two state) identify potential EJ populations in the study area of South Carolina. This 
study will analyze different governmental guidelines and the potential populations they 
identify using geographic comparisons, statistics, and similarity indices. This study will 
also analyze governmental-identified EJ populations in terms of coincident fish 
consumption advisory waterbodies, urban and rural areas, and land use and land cover. 
It is hoped this research will stimulate further EJ study and help governments come to a 
consensus on a unifying EJ guideline. 
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“All human beings are born free and equal in dignity and rights…without 
distinction of any kind, such as race, colour, sex, language, religion, political or other 
opinion, national or social origin, property, birth or other status…” –Articles 1 and 2, The 
Universal Declaration on Human Rights, United Nations, 1948 
Introduction 
Environmental equity, environmental racism, and environmental justice are all 
important terms in today’s politics and research. Each focuses on slightly different 
aspects of society, and each will be discussed later in this paper. However, under this 
dissertation, environmental justice will be explored. This dissertation will analyze where 
governmental guidelines identify potential at risk populations geographically. 
Additionally, potential environmental justice populations will be analyzed in relation to 
fish consumption advisory waterbodies and types of land use/land cover. The following 
sections of this chapter introduce: the topic of environmental justice; its relevance; the 





What is Environmental Justice? 
Does Environmental Justice bring human-induced degradation, pollution, 
alteration, or other environmental “sins” to trial? Not quite. And, it is not exactly justice 
for sins done to the environment either. It is, however, equity for all people in the 
environment. 
Environmental justice attempts to minimize discrimination in terms of the 
environment. It also attempts to equalize both the good (benefits) and the bad (ills) of 
the environment (Steady 2009) by enforcing non-discriminating environmental laws and 
regulations (Whitman 2001). But, what is Environmental Justice? Before Environmental 
Justice, or EJ, can be explained, its definition and history must first be discussed. 
Specifically, the when, where, and how EJ came about must be explored in defining EJ 
and its role(s) today.  
After World War II, and during the 1950s, the United States (US) affirmed itself 
as a world power and a major polluter. It was during this time, the second half of the 
twentieth century, that the environmental movement started with many key events 
taking place. Major cities were being choked by smog. Rivers were catching fire from 
chemical pollution, as shown in the many pictures of the Cuyahoga River. Environmental 
poisons like cadmium, lead, dioxin, and mercury were causing people to get sick (e.g., 
Love Canal, lead paint, etc.). And, many animal species were starting to disappear. Even 
nationally symbolic species, like the bald eagle, were starting to be affected. Rachel 
Carson’s book, Silent Spring, highlighted the plight of the bald eagle all too well and 
helped spark the environmental movement (US Fish & Wildlife Service [USFWS] 2014; 
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Griswold 2012). Until this point, when taken individually, many of these environmental 
harms elicited minimal response from the American public. That is, until the advent of 
the television. Television allowed many of these ills to be seen on the nightly news. 
Arguably, media coverage and increased public awareness of environmental problems 
influenced the US government to draft legislation to not only clean up the environment, 
but to prevent future abuses of the environment. Out of this new movement, came 
many landmark laws. These laws include, but are not limited to, the Clean Air Act (CAA), 
Clean Water Act (CWA), The Federal Insecticide, Fungicide, and  Rodenticide Act (FIFRA), 
Endangered Species Act, Safe Drinking Water Act, Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), Resource Conservation and 
Recovery Act (RCRA), National Environmental Policy Act (NEPA), etc. During the 1970s 
and 1980s, these new environmental laws (along with many others) became part of US 
environmental policy. Many still exist today and have even been amended and built 
upon.  
Also during this time, the civil rights movement took hold. And, the civil rights 
movement is where EJ has its origins (Steady 2009; Kurtz 2007; Cole and Foster 2001). 
Its lineage can be traced to Title VI of the Civil Rights Act of 1964, which attempts to 
prohibit discrimination (US Department of Justice [USDOJ] 2015a). As a result of this 
law, race, color, national origin, etc. cannot be used to discriminate against a person 
(USDOJ 2015b; USDOL 2015; Lester et al. 2001). Additionally, this law acted to stem 
discrimination in projects and activities where federal tax dollars were used (US 
Department of Transportation [USDOT] 2000; Civil Rights Act [CRA] 1964). Being a 
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decedent of the Civil Rights Act of 1964, EJ also incorporates the idea of limiting (and 
trying to end) discrimination.  
As the Civil Rights Movement evolved, so did the EJ movement. An offshoot of 
the CRA, EJ began to take hold via grass roots organizations and activism. This was 
particularly evident in Houston, Texas (TX) in the late 1970s and in Warren County, 
North Carolina (NC) during the early 1980s (Bryant 1995). Both examples dealt with 
African American populations fighting against placement of waste sites in their 
communities. Historically, people of color and those with lower economic status lived 
and worked in more polluted areas, often bearing higher environmental burdens and 
threats (from dumping, waste sites, etc.) (Ewall 2012; Skelton and Miller 2006; Bullard 
1995; Bullard and Wright 1993; Bullard 1990; Bullard 1983). However, in 1983 the 
watershed for activism and EJ took hold. It was in Warren County, NC that a mainly 
African American community was subject to the landfill disposal of PCBs. Ensuing 
protests led to the US General Accounting Office (GAO) conducting a study showing the 
correlation between hazardous waste landfills in EPA Region 4 and African American 
communities (Johnson 2009; Massey 2004; US General Accounting Office [USGAO] 
1983). In 1987, a study by the United Church of Christ Commission of Racial Justice 
linked demographics to the placement of hazardous waste facilities (US Department of 
Energy [USDOE] 2014a; Ferris and Hahn-Baker 1995; United Church of Christ 1987). This 
was a major turning point in the evolution of EJ in the US. Subsequently, a garbage 
transfer/recycling site was planned for the Birmingham, Alabama (AL) neighborhood of 
Titusville in 1990. Here, Browning-Ferris Industries (BFI) was intent on locating the 
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facility in Titusville despite the fact that the neighborhood was predominantly African 
American; obviously, this intention typifies environmental racism (Westra 1995). Grass 
roots activism, demonstrations, and years of legal maneuvering ensued. Furthermore, in 
1991, Summit I of the National People of Color Environmental Leadership Summit took 
place in Washington, D.C. and showed EJ branching out beyond landfills and 
environmental toxins into areas of public health and more (Johnson 2009; Bullard 2005). 
Over the next ten years, activists met in Atlanta, Louisiana, and Washington, D.C. and 
demonstrated the power of organizing and bringing EJ into the purview of the nation’s 
interests.   
From the environmental movement, the CRA of 1964, and grass root 
organizations, new ideas about how people and the environments in which they live and 
work started to develop. Over time, the ideas of social equity and EJ began to develop 
and take hold.  
At this point, it is important to discuss terminology and how it relates to this 
dissertation. Social justice, environmental equity/racism, environmental classism, and 
environmental justice/injustice will now be defined. Social justice is probably the 
broadest term here, but it entitles all peoples the opportunity to equally experience 
what Beauchamp (2013) defines as “key ends.”  Key ends are basically expectations to 
life, liberty, and happiness. Environmental equity/racism highlights minority 
communities bearing undue environmental hazards, while environmental classism deals 
with poorer populations experiencing disproportionate environmental impacts (Lester 
et al. 2001). Environmental justice, or rather injustice, incorporates the effects of 
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environmental ills on both race and class (racism and classism) (Cole and Foster 2001). 
Specifically, though, environmental racism occurs when communities of color are not 
protected equally in the eyes of the law, while environmental equity attempts to ensure 
all communities are equally protected; EJ is broader in scope and includes things like 
culture, values, policies, etc. (Bryant 1995). For simplicity, the term environmental 
justice will be used throughout this dissertation as an umbrella term that includes both 
environmental racism and environmental classism.  
Environmental justice was formally and legally realized on February 11, 1994 
when President William J. Clinton signed Executive Order (EO) 12898. With his 
signature, Clinton’s EO required the missions of every Federal agency to incorporate EJ 
into their daily operations (EO 1994). Specifically, EO 12898’s directive was, and is, to 
identify any disproportionate/adverse impacts (on human and/or environmental health) 
on minority and low-income populations resulting from federal programs, actions, laws, 
etc. (Forrest 2013; EO 1994). In terms of EO 12898, the disproportionate and adverse 
impacts on human health and the environment must be addressed. For federal agencies 
and any programs dealing with the environment and human health, EO 12898 also 
strives to limit discrimination (US Environmental Protection Agency [USEPA] 2010a). 
Furthermore, any current or federally planned projects or actions must analyze and 
address potential impacts to various socioeconomic populations. As a result, the NEPA 
process must include an EJ analysis as part an environmental assessment. 
From the beginning, EJ has sought to eliminate unfair environmental 
issues/concerns for minority and low-income populations. But, for its broader goals, EJ 
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also attempts to mitigate and eradicate inequality in public health concerns, the siting of 
“facilities” (e.g., hazardous waste sites, chemical plants, waste dumps, etc.), etc., while 
upholding and furthering civil rights (Bullard 2014; Johnson 2009). However, under 
these broad goals, another guiding set of ideals exist. In 1995, Dr. Robert D. Bullard 
suggested that five principles be adopted to ensure EJ properly deals with 
environmental inequalities. Dr. Bullard (1995) suggested that federal and state 
governments should adopt principles that: ensure environmental protection rights (the 
right to be protected from environmental ills); prevent environmental harms before 
they become an issue (dealing with and eliminating environmental dangers); make sure 
polluters assume the burden of proof (polluters should demonstrate they are not 
impacting human health and discriminating against or disproportionately affecting low-
income or minority populations); remove (obviate) intent of discrimination for 
environmental impacts (intent is often hard to prove, so statistics/inference should be 
used instead); and, redress or rectify environmental/public health inequalities (current 
and future concerns and issues). 
While EJ works through fulfilling the above set of ideals, it must uphold two core 
tenants. These are the fair treatment and the meaningful involvement of peoples 
(USEPA 2014a). Fair treatment attempts to ensure that no undue (unfair) environmental 
burden affects any socioeconomic group (race, color, national origin, or income) 
resulting from industry or government (USEPA 2010a, 2010b, and 2010c). Specifically, 
no industrial or governmental action, process, or policy should unfairly impact peoples 
of any race, color, creed, origin, or income. Additionally, if any situations, plans, or 
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actions may affect the public, then under meaningful involvement, the public is allowed 
to participate and become involved in decisions that have the potential to affect them 
(USEPA 2010a and 2010b). The tenants of fair treatment and meaningful involvement 
attempt to offer all peoples the same level of environmental protection while allowing 
everyone an equal say on decisions that may affect their respective living or working 
environments (USDOE 2014b; USHHS [United States Health and Human Services] 2014; 
USEPA 2010b and 2010c). As a result, EJ strives to ensure that environmental protection 
is experienced to the fullest by all peoples (The California Energy Commission 2010). At 
its most basic level, environmental resources and environmental harms should be 
shared by all peoples under EJ. In other words, the distribution of environmental 
goods/harms (or the positive/negative environmental impacts or benefits and the 
burdens of the environment) should be shared and applied equally amongst all groups 
(Stephens 2007; Obiora 1999).  
Relevance 
As civil rights, equal opportunity, and other laws against discrimination have 
matured and evolved over the last 50 years, so too has the scope of EJ. EJ’s core 
principles can even be applied across the globe in dealing with topics of acid rain, 
industrial pollution, and sea level rise/global warming (climate justice). However, this 
research will focus solely on EJ within the US and, specifically, South Carolina. 
Historically, it seems, EJ has focused mainly on environmental pollution and other man-
made hazards in the US. Environmental concerns like siting waste sites, dealing with 
chemical releases (Toxic Release Inventory [TRI]), experiencing poor air quality, drinking 
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contaminated water, and cleaning up brownfields have traditionally been the main 
focus and area of study for US-based EJ issues (Wilson et al. 2012; Stokes et al. 2010; 
USEPA 2009a; Conference on Environmental Justice 2007). In tackling these issues and 
many others (e.g., toxic waste sites, landfills, nuclear power plants, building new 
highways and airports, etc.), EJ has grown to encompass and strive to overcome many 
environmental health concerns.  
Furthermore, EJ has become an integral component of government, starting first 
at the federal level and then spreading to state government operations. As a result, 
limiting inequalities for all peoples has become a major goal for all levels of government. 
With EJ adoption at so many levels of government, differences were created in EJ 
procedures and in identifying potential populations. While governmental agencies have 
different goals and intentions, so do the applications of EJ within these agencies. This 
fact is even highlighted by the USEPA (1999a), the original tenant agency in charge of 
propagating EJ across all federal government organizations, in which it reasons that 
there is no all-encompassing way to analyze EJ and identify EJ populations. Additionally, 
environmental concerns under the EJ umbrella are many, and some issues have been 
analyzed in greater detail than others. As a result, many EJ topics do not get the same 
exposure as others. While analyzing the EJ concerns of toxic waste sites, TRIs, landfills, 
etc. are important, studying a variety of other concerns, including waterways containing 
fish consumption advisories and land use/land cover, are also paramount. And, as the 
US continues to change, EJ attempts to change with it. It has become imperative to 
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understand these changes and how EJ’s development has affected both past, present, 
and future generations. 
Study Area 
The state of South Carolina will be used as the study area for this research. South 
Carolina (SC) was selected because of its varied geography and its mixture of urban and 
rural landscapes. SC was first colonized in the 1520s by the French and Spanish. But, it 
was not until 1670 that the first permanent colony was set up by the British (Bennett 
2008; Thalimer et al. 1999; Jones 1971). Over the next 300 years, SC played an 
important role in the Revolutionary and Civil Wars, the Reconstruction, the textile 
industry, and more recently, manufacturing and tourism (SC State Library [SCSL] 2014; 
Winberry and Stine 2008; Thalimer et al. 1999). In conjunction with its political and 
economic growth, SC also saw many social changes during the Civil Rights Movement 
(Bass and Poole 2009). 
In terms of geography, SC has many interesting features. SC has an approximate 
land area of 31,113 square miles with a coastline of approximately 187 miles (SC Parks, 
Recreation, & Tourism [SCPRT] 2012; Kovacik and Winberry 1987). It also has several 
large rivers and lakes. SC is often defined in terms of four distinct geographic regions. 
These regions are: the Lowcountry (coastal areas south of Pawley’s Island); the Midlands 
(central part of the state); the Pee Dee (northeast part of the state, including the coastal 
Grand Strand area); and the Upstate (northwest part of the state, including areas of the 
Appalachian Mountains) (South Carolina’s Information Highway [SCIWAY] 2012; Bennett 
2008). Dividing the upper part of the state (Upstate or Piedmont) from the lower part of 
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the state (Low Country or Coastal Plain) is the Fall Line, or dividing line of geologic 
feature types (Bass and Poole 2009; Patton 2008; Fox 2005; Kovacik and Winberry 
1987). All of these regions, compiled into one state, result in a varied topographic 
landscape. As a result, SC is comprised of coastal habitats, rolling sand hills, 
mountainous terrain, forests, wetlands/swamps, agricultural areas, etc. Additionally, SC 
is a blend of urban and rural areas. Large forests, mountainous areas, and agricultural 
fields/farms lend themselves to South Carolina’s rural landscape. Three large city or 
metropolitan areas punctuate the state and contribute to its urban makeup. These 
urban zones include: the Greenville/Spartanburg area in the Upstate, the Columbia area 
in the Midlands, and Charleston area in the Lowcountry. Numerous smaller, urban areas 
also dot the state. These include small towns and cities in the western part of the state 
near Augusta, GA (Aiken), in the Midlands (Orangeburg), along the coast (Beaufort), and 
south of Charlotte, NC (Rock Hill).   
With its varied and changing topography, SC, as a whole, is also changing. Its 
population is growing. Urban and rural thresholds are becoming blurred. And, its 
resulting landscapes are also changing. In the 2010 Census, SC had a population of 
4,625,364 (United States Census Bureau [USCB] 2014a); this number was up from the 
4,012,012 population reported in the 2000 Census (USCB 2014b). From 2000 to 2010, 
South Carolina’s population increased by 613,352 persons (SC Budget and Control Board 
[SCBCB] 2012a). This 15.3% increase in population ranked SC tenth on the list of state 
population percent increases during the ten year Census timeframe (SCBCB 2013 and 
2012b). As a result of this population increase, the number of Census block groups 
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within SC rose from 2,859 to 3,059, while the number of US Census blocks rose from 
143,919 to 181,908 during the same period of time (USCB 2014c).  
According to South Carolina demographer Michael MacFarlane, two main 
reasons exist for people moving to and within the state. MacFarlane states, in The Post 
and Courier, that recreational endeavors and retirement entice people to move to SC, 
while employment opportunities across the state lead people to move within SC (Slade 
2008). Additionally, as more baby-boomers start to retire, this trend may continue to 
increase. With new people moving into SC every year, the state has also become more 
urbanized. Partly the result of the Great Recession, people are switching jobs or 
searching for new ones in areas that differ from 10 years prior. This trend is further 
highlighted in a USA TODAY article in which research economist Doug Woodward, from 
the University of South Carolina, states that SC is becoming more urban as a result of 
people moving for jobs and moving to areas they want to live for those jobs (Barnett 
2011). Thus, where people are moving and how many are moving there are becoming 
two important issues for demographers, law makers, regulators, and many others to 
ponder. 
SC is currently very relevant in terms of environmental justice. Not only has the 
state endured past problems with EJ concerns, but continues to experience them. The 
ReGenesis Partnership was founded by Representative Harold Mitchell in 1997 to help 
clean-up and revitalize the Arkwright and Forest Park neighborhoods in Spartanburg 
(Fields 2014; Fleming 2004). Economically troubled neighborhoods surrounding the Port 
of Charleston are currently addressing public health issues dealing with impacted air 
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quality and other health disparities (Dalemarre et al. 2014; Wilson et al. 2014). The 
Charleston, SC area also faces an uneven spatial distribution of TRI sites across racial and 
income boundaries (Wilson et al. 2012). And, the rural community of Graniteville is 
currently being studied because of the chlorine disaster that occurred there in 2005 
(University of South Carolina [USC] 2011; Dunning and Oswalt 2007; Wenck et al. 2007).  
SC has even won several awards for its dealing with EJ concerns. In 2008, two 
organizations within the state won the USEPA’s Environmental Justice Achievement 
Award. The first was the South Carolina Department of Health and Environmental 
Control (SCDHEC) for working on behalf of state communities (USEPA 2008a), while the 
second was the Medical University of South Carolina for its EJ community undertakings 
(USEPA 2008b). The following year SC was also awarded USEPA Environmental Justice 
Achievement Awards. The first was for the ReGenesis Project (environmental 
protection/community revitalization) (USEPA 2009b) and the second was for the efforts 
of the Lowcountry Alliance for Model Communities (environmental 
protection/economic revitalization) (USEPA 2009c). These are but a few examples of EJ 
concerns and progress within the state. Much still needs to be done.  
SC was summed up best by Lewis P. Jones (1971) when he said, “Since the 
present is but a continuation of the past, one never sees clearly what is all about him 
without a look into history. Of no state is that more true than it is of South Carolina.” 
With its history and geography, SC was, is, and will become a fascinating place for 
population dynamics. It is also an interesting place for population interactions within the 
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environment. As a result, SC provides an intriguing study area from which to study 
numerous EJ topics. 
Aims and Hypotheses 
The null hypotheses of this dissertation will be evaluated and tested using three 
specific aims (SA). Outlined under each SA, there are two to four null hypotheses. 
Under SA 1, two null hypotheses will be tested. The first null hypothesis is that 
there no significant relationship between governmental agency guidelines in identifying 
EJ communities. The second null hypothesis is that there is no significant relationship 
between governmental agency guidelines in identifying EJ communities between the 
two census periods of 2000 and 2010. SA 1 will apply (and analyze) governmental 
agency guidelines to identify potential EJ populations in the state of South Carolina. SA 2 
will also test two null hypotheses. The first null hypothesis under SA 2 is that there is no 
significant relationship between governmental agency guidelines in identifying EJ 
communities containing fish consumption advisory waterbodies. The second null 
hypothesis to be tested will be that there is no significant relationship between 
governmental agency guidelines in identifying EJ communities containing fish 
consumption advisory waterbodies between the census years of 2000 and 2010. SA 2 
will explore the relationship between governmental agency guideline-identified EJ 
populations (from Aim I) and fish consumption advisory waterbodies in SC. Under the 
land use/land cover-oriented SA 3, four null hypotheses will be tested. The first null 
hypothesis to be tested is that of no significant relationship between governmental 
agency guidelines in identifying EJ communities present in urban or rural areas. The 
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second null hypothesis is that of no significant relationship between governmental 
agency guideline-identified EJ communities in urban or rural areas for the 2000 and 
2010 Census years. The third null hypothesis is that of no significant relationship 
between identified EJ communities and the land use/land cover (LULC) types they fall 
within. And, the fourth and final null hypothesis under SA 3 is that of no significant 
relationship between identified EJ communities and the LULC types they fall within for 
the 2001 and 2011 years. SA 3 will evaluate EJ communities and which land use/land 
cover classes they fall within.  
Intent of Research 
The overall intent of this dissertation is to analyze different geographic 
components of EJ analyses. Specifically, this dissertation will evaluate where EJ 
populations are identified in SC and their relationship to impacted waterbodies and land 
use/land cover. The following will be accomplished by this research: a comparison of EJ 
populations identified by various governmental guidelines; a comparison of EJ 
populations identified by various governmental guidelines over time; a comparison of EJ 
populations identified by various governmental guidelines to fish consumption advisory 
waterbodies; a comparison of EJ populations identified by various governmental 
guidelines to fish consumption advisory waterbodies over time; an analysis of guideline-
identified EJ populations and which land use/land cover classes host them; an analysis 
of land use/land cover changes over time; and, an analysis of guideline-identified EJ 
populations and which land use/land cover classes host them over time.  
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To accomplish these tasks, the following chapters will evaluate and discuss each 
goal. Chapter 2 will summarize the overall governmental agency profiles, their EJ 
criteria, database queries, and GIS analyses utilized to yield EJ-identified populations in 
SC. Chapter 3 will analyze and discuss the comparisons of EJ guideline-identified 
populations in SC, while Chapter 4 will elaborate on these guideline-identified 
communities in relation to fish consumption advisory waterbodies in the study area. 
Chapter 5 will focus on evaluating EJ-identified communities in terms of urban/rural and 
other land use/land cover classifications in SC. Finally, Chapter 6 will conclude this 
dissertation. 
By evaluating the comparisons and analyses listed above, this dissertation will 
attempt to add to the body of knowledge surrounding EJ in the state of South Carolina. 
Additionally, it is the hope that the findings in this dissertation will enable 
environmental scientists, academics, policy makers, and governmental representatives 
to look at EJ issues and relationships in a slightly different light. More importantly, it is 
hoped that this research will enable the many various governmental guidelines to be 




GOVERNMENTAL AGENCY HIGHLIGHTS 
Introduction 
Just as there are many different federal and state agencies supporting the daily 
tasks that keep this country moving, there are many different guidelines in conducting 
EJ analyses. This dissertation will evaluate six different governmental agency guidelines. 
Three agencies will be at the federal level (one agency has two guidelines), while two 
will be at the state level. Five agencies were selected, out of potentially dozens, in an 
effort to achieve a reasonable balance of guidelines for analysis and time constraints.  
After the passage of Executive Order (EO) 12898, the federal government and its 
associated agencies were required to make environmental justice (EJ) part of their 
operating missions. The federal government has made EJ a core responsibility of these 
agencies. As a result, EJ analyses are conducted on a routine basis. Unfortunately, a 
definitive, “one-set of instructions to conducting EJ analyses” does not exist.  According 
to the United States Environmental Protection Agency (USEPA) (USEPA 2010d and 
1999a), EJ analyses are conducted by a variety of institutions using a variety of 
approaches with no single, unifying methodology. With its Plan EJ 2014 project, the 
USEPA hopes to rectify this issue, while building partnerships and protecting and 
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empowering over-burdened communities (USEPA 2011a and 2011b). Until then, there is 
no over-reaching, go-to EJ guidance from which to use. Instead, state and federal 
agencies will have to continue using their current methodologies and procedures. 
For this dissertation, a National Environmental Policy Act (NEPA)-like approach 
will be used to identify and locate potential EJ communities in South Carolina (SC). This 
research will utilize four US government and two state government guidelines. These 
agency guidelines will include the US Environmental Protection Agency, the US Nuclear 
Regulatory Commission (which has two guidelines), the US Department of Defense 
(specifically, the US Army), the state of New York, and the state of Massachusetts. While 
multiple Federal agencies operate and have jurisdiction within the study area (e.g., 
USDOT [United States Department of Transportation], USDOC [United States 
Department of Commerce], USDOE [United States Department of Energy], USHUD 
[United States Department of Housing and Urban Development], USDOJ [United States 
Department of Justice], USDOI [Untied States Department of the Interior], FAA [Federal 
Aviation Administration], FHA [Federal Housing Administration], etc.), three agencies 
were chosen. These agencies contribute greatly to the inner workings of the way SC 
functions on a daily basis.  
While SC does not have its own policy for identifying potential EJ populations, 
two state guidelines will be added to this research to compare/contrast with federal 
policies. The states of New York and Massachusetts were selected as comparison (state) 
guidelines in locating potential EJ communities. These states have well documented 
methodologies for identifying EJ populations, and their guidelines will be applied to 
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South Carolina’s demographic data. It is important to note that while SC does not 
actively identify populations, it has analyzed tools and methods in the past to locate EJ 
populations. Specifically, SC has used the Environmental Protection Agency software 
package, EJSEAT (Environmental Justice Strategic Enforcement Tool). EJSEAT is a 
computer program designed to help identify and screen potential EJ areas and public 
health burdens (USEPA 2011c; Schulman and Harris 2010). While arguably helpful in 
teasing out potential EJ populations, SC decided to follow a different path. Currently, the 
state does not focus on potential NEPA-located EJ communities, but rather on self-
reporting by the communities themselves (Whittle and Sprayberry 2011). To aid in this 
endeavor, South Carolina Department of Health and Environmental Control (SCDHEC), 
University of South Carolina (USC), and USEPA have established the South Carolina 
Environmental Leadership Forum to: “Learn more about your environment; Leverage 
resources; and Lead transformation and change in your community” (SCDHEC 2015a). 
While initially taking place in late 2013 and early 2014, the hope is to continue to 
expand this series into an annual event.  
The subsequent government agencies will be explored briefly before their 
guidelines are utilized in this dissertation. First, a little background on the agencies will 
be provided. Then, agency guidelines for screening potential EJ populations will be 







US Environmental Protection Agency 
The USEPA is one of many federal agencies within the US governmental system. 
Its primary duties are the protection of the environment and human health (Good 
2014). The USEPA’s major responsibilities are to enforce environmental policy, ensure 
human health, reduce environmental risk, etc. (USEPA 2014b, 2010d, and 2004). In 
order to fulfill its obligations, the USEPA also awards grants and funds partnerships, 
analyzes environmental concerns, develops/enforces environmental regulations, and 
publishes information for and teaches people about the environment (USEPA 2014b). 
After the signing of EO 12898, the USEPA was tasked with being the chair of the 
Interagency Working Group (IWG) on EJ, a committee of governmental department 
heads and White House officials. This position gives the USEPA authority to “consider 
and address environmental justice concerns” (USEPA 2010a). In terms of its 
responsibilities to EJ, the USEPA attempts to warrant equitable enforcement among 
local government, industry, education, state government, etc. (Good 2014). 
Additionally, the USEPA ensures minority and low-income populations are analyzed 
under any NEPA analysis (USEPA 1999b). 
US Nuclear Regulatory Commission  
While the USEPA’s general focus is the environment and the protection of 
human health, the US Nuclear Regulatory Commission (USNRC) is tasked with 
safeguarding and protecting the environment (including human life) from radioactive 
substances in the US (USNRC 2012). The NRC also supervises the safety of nuclear 
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reactor operations and the handling/management of hazardous nuclear materials 
(USNRC 2012). Within the USNRC, two of its divisions help protect the environment and 
ensure compliance with NEPA. Under the first division, regulatory duties and nuclear 
reactor licensing are overseen by the Office of Nuclear Reactor Regulation (NRR) to 
ensure the NRC complies with its NEPA obligations (USNRC 2014a and 2004a). The 
Office of Nuclear Material Safety and Safeguards (NMSS), the second division, is charged 
with not only licensing of new facilities, but also site decommissioning, license renewals, 
regulating nuclear fuel, disposal of nuclear waste/fuel, etc. (USNRC 2014b and 2003). 
These two departments also offer support and direction in preparing environmental 
assessments (EAs), environmental impact statements (EISs), and environmental reports 
(ERs). Basically, they offer guidance in preparing NEPA documentation for potential 
environmental impacts. As a result, potential EJ concerns/populations must be analyzed 
during any licensing or regulatory activities by the USNRC (USNRC 2004b).  
US Department of Defense (US Army) 
In the US, the Department of Defense (DOD) is comprised of three military 
branches. The DOD is responsible for not only the defense of the US and its interests, 
but also the nation’s safety and security. The US Army (USA), as one of the three 
branches of the military, is responsible for the land warfare (or land operations) 
component of the DOD scope of responsibility (USA 2012 and 2011). The USA will be the 
focus of this research. The USA is tasked with protecting and defending US interests, 
citizens, and territory (US Army 2007). While training to fight land wars and conflicts, 
the USA must also adhere to NEPA guidelines and environmental planning at its 
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stateside installations (US DOD [USDOD] 1996). As a result, the Army must be 
responsible for analyzing environmental impacts or consequences resulting from its 
current or planned actions (Code of Federal Regulations [CFR] 2002). Additionally, the 
Army must also act as a responsible steward of the environment. Adhering to 
environmental legislation and the NEPA process is no small task for such a large 
organization. However, like any military, the Army leads from the top. Environmental 
laws and regulations are passed down from the Pentagon to the Army Environmental 
Command (USAEC). From the USAEC, policy is passed down to each installation’s 
Department of Public Works and Logistics (DPWL); and, from the DPWL to each unit 
residing on each installation. For the purposes of this research, other branches of the 
USDOD will be assumed to follow identical procedures for conducting respective EJ 
analyses.   
New York State 
In the state of New York (NY), environmental protection, environmental quality, 
public health and welfare, etc. are handled by the NY State Department of 
Environmental Conservation (NYDEC) (DeJesus 2015; NYDEC 2013). The NYDEC expands 
upon these duties and incorporates EJ concerns into its everyday activities. Specifically, 
EJ issues, concerns, and/or topics are brought into the NYDEC’s environmental permit 
review process under Commissioner Policy 29 (CP-29) (NYDEC 2003a and 2003b). CP-29 
also brings EJ into NY State’s Environmental Quality Review Act and NYDEC’s 
enforcement and grants programs (NYDEC 20003a). Potential EJ areas of concern are 
identified using directives under CP-29, while also stipulating public participation and 
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project requirements, etc. for these areas of concern (NYDEC 2003a and 2003b). 
Additionally, improving and mitigating adverse impacts to EJ communities and their 
environments are accomplished by the NYDEC through its Office of Environmental 
Justice (NYDEC 2012a). The main role of the Office of Environmental Justice is to serve 
and address the concerns of minority and low-income populations in terms of their 
environmental needs (NYDEC 2012a). 
Massachusetts Commonwealth 
In the state (Commonwealth) of Massachusetts (MA), energy resources (e.g., 
renewables, solar, clean energy, etc.), environmental protection (e.g., of air, land and 
water resources), and public health and natural resources are protected by the 
Executive Office of Energy and Environmental Affairs (EOEEA) (Suberg and Reid 2014; 
EOEEA 2013). The EOEEA also endeavors to provide EJ for all peoples within its purview 
through its Environmental Justice Policy. The MA EJ Policy has become an integral part 
of all environmental programs within the state. This policy makes EJ a consideration in 
decisions concerning laws/regulation, natural resources, open space, etc. (Suberg and 
Reid 2014). It was even designed to help EJ areas by allocating state resources and 
fostering public participation into these areas (The Environmental Justice Policy of the 
Executive Office of Environmental Affairs [EJPEOEA] 2012a). In addition, the EJPOEA 
strives to increase investment in, while minimizing risk to EJ areas (EJPEOEA 2012a). By 
addressing environmental pollution and other disproportionate environmental burdens 
of people of color or low-income, the MA EJ policy attempts to fulfill its goals in 
providing equity to all its citizens (EOEEA 2012).   
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Governmental Agency Guidelines 
In the previous section, governmental agencies at the federal and state level 
were highlighted to show their overall missions. Now these same agencies will be 
explored in the realm of their EJ responsibilities. Before populations are determined to 
bear disproportionately high or adverse environmental effects under EJ, these 
communities must be identified. Specifically, the locations of these communities must 
be recognized. The following agency guidelines attempt to spatially locate potential EJ 
communities. 
US Environmental Protection Agency Guidance 
Since the USEPA took the lead among all federal agencies on the IWG, it is 
generally considered to have written the first set of interim guidelines from which to 
follow in analyzing EJ communities. As such, many other agencies tend to either use 
their guidelines verbatim or in modified form. However, under Council on 
Environmental Quality (CEQ) EQ’s Environmental Justice Guidance Under the National 
Environmental Policy Act (1997), potential EJ populations are present when: “either: (a) 
the minority population of the affected area exceeds 50 percent or (b) the minority 
population percentage of the affected area is meaningfully greater than the minority 
population percentage in the general population or other appropriate unit of geographic 
analysis… A minority population also exists if there is more than one minority group 
present and the minority percentage, as calculated by aggregating all minority persons, 
meets one of the above-stated thresholds” (CEQ 1997). Minorities are “Individual(s) 
who are members of the following population groups: American Indian and Alaskan 
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Native; Asian or Pacific Islander; Black, not of Hispanic origin; or Hispanic” (CEQ 1997). 
Potential EJ communities are also present when “populations in an affected 
area….identified with the annual statistical poverty thresholds from the Bureau of the 
Census’ Current Population Reports, Series P-60 on Income and Poverty” (CEQ 1997); 
these populations are considered to be low-income. The affected areas mentioned in 
this guidance are at the Census Block Group level scale. 
This previous guidance applies to the entire US; many regional areas of the 
country have developed their own set of (refined) guidelines. As EPA Region 4 
encompasses the southeast, and by default the state of SC, its guidelines will be used 
and will replace the overall USEPA method. Therefore, the Interim Policy to Identify and 
Address Potential Environmental Justice Areas will be used for EJ analyses to identify 
potential communities (USEPA 1999a). For Region 4, potential EJ populations are 
present when minority populations exceed 1.2 times the state average and/or low-
income populations exceed “1.2 times the percent of households with incomes below 
$15,000” (or households below the state poverty level) (USEPA 1999a). Minority and 
ethnic profiles are computed at the Census Block Group level and are comprised of the 
following: American Indian and Alaskan Native races; Asian; Native Hawaiian and Other 
Pacific Islander races; Black or African American races; Hispanic ethnicity; Multiracial 
(Two or More Races); or Some Other Race category. For this study, these thresholds will 
be used in place of the CEQ (1997) guidance. It is important to note that the Multiracial 
and Some Other Race categories were added to the 2000 Census and were subsequently 
added to the USEPA procedures in this dissertation. 
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US Nuclear Regulatory Commission Guidance 
In analyzing EJ populations under its NEPA responsibilities, the USNRC also looks 
at minority and low-income populations. However, its criteria vary slightly. According to 
the USNRC, American Indian and Alaskan Native; Asian; Native Hawaiian and Other 
Pacific Islander; Black or African American races; or Hispanic ethnicity categories are 
defined as minority populations; the additional Census categories of Multiracial and 
Some Other Race were added to the list of races analyzed in 2000. The USNRC defines 
low-income populations at those households living below the USCB poverty level. As 
minority and low-income information is not “diluted” at the Census Block Group level, 
the USNRC follows the EPA in analyzing EJ communities at this scale (USNRC 2004a and 
2003). USNRC guidelines indicate EJ populations might be present if “1) the minority 
population in the census block group or environmental impact site exceeds 50 percent, 
or 2) the minority population percentage of the environmental impact area is 
significantly greater (at least 20 percentage points) than the minority percentage in the 
geographic area chosen for comparative analysis, for example, the county or State” 
(USNRC 2004a). EJ populations might also be present if “1) the low-income population in 
the census block group or environmental impact site exceeds 50 percent, or 2) the 
percentage of households below the poverty level in an environmental impact area is 
significantly greater (at least 20 percentage points) than the low-income percentage in 
the geographic area chosen for comparative analysis, for example, the county or State” 
(USNRC 2004a). If the 50 percent overall average and/or 20 percent or more greater 
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than reference area (county or state) thresholds are met, than those block groups may 
be considered EJ communities.  
For the purposes of this dissertation, two USNRC analyses will be run. Based on 
the USNRC’s 2003 guidance, both state and county percentages should be compared to 
any minority/low-income block group numbers. While the thresholds will remain the 
same, the geographic areas of comparison will differ. The first analysis run will use the 
state averages for minority/ethnicity and low-income populations as comparisons 
(USNRC 2004a and 2003). The second will use county averages (USNRC 2004a and 
2003). For example, when using state numbers, all block groups within the state will be 
compared against the state average for that minority/ethnicity/low-income category. 
When utilizing county reference averages, only block groups within that county will be 
compared to the county average for that minority/ethnicity/low-income category (e.g., 
Aiken County block groups will only be compared to Aiken County averages for Asian 
populations). 
US Department of Defense (USA Guidance) 
To ensure any proposed actions are analyzed in its NEPA review, the USA 
identifies “the impacts of DOD activities on minority and low-income populations,” 
(DOD 1995). To remain consistent with the USEPA and USNRC, Census Block Groups and 
those agency definitions of minority/ethnic and low-income groups are used to analyze 
EJ communities. Minority and low-income EJ communities are identified when 50 
percent or more of the population is determined to minority or low-income (Canter et 
al. 2007). Carter et al. (2007) also states that minority or low-income communities are 
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present if those populations are “disproportionate to the area”. As “disproportionate to 
the area” is rather vague, the “meaningful greater” and “significantly greater” 
thresholds outlined by the USEPA and USNRC (respectively) will be utilized in this 
dissertation; therefore, a 20 percent or greater threshold will be utilized when 
comparing to state averages. While these guidelines act as a guide for USA EJ analyses 
under NEPA, populations may be analyzed on a case-by-case basis (Canter et al. 2007).  
New York State Guidance 
In NY State, Census data and geographic information systems (GIS) are used by 
the NYDEC Office of Environmental Justice to delineate EJ communities or populations. 
Named Potential Environmental Justice Areas (PEJAs) by the NYDEC, these areas are 
Census Block Groups that represent certain numeric or statistical thresholds (NYDEC 
2011). As part of the screening process, the term “potential” is key and will be explained 
in more depth at the conclusion of this chapter. PEJAs are identified by the NYDEC 
when: “at least 51.1% of the population in an urban area reported themselves to be 
members of minority groups”; “at least 33.8% of the population in a rural area reported 
themselves to members of minority groups”; and/or “at least 23.59% of the population 
in an urban or rural area had household incomes below the federal poverty level” in any 
block groups within the state (NYDEC 2012b, 2011, and 2003b). If any or all of these 
thresholds are met, then those block groups will be screened as PEJAs. NYDEC defines a 
low-income population as one below the poverty level based on annual income; it also 
defines minority populations as being part of the Hispanic, African American or Black, 
Asian, or Pacific Islander or American Indian groups (NYDEC 2003b). As the Multiracial 
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(Two or More Races) and Some Other Race categories were utilized in the 2000 Census, 
these categories were also utilized in the NY state guideline approach to SC. 
Massachusetts Commonwealth Guidance 
Census data and GIS are also used by the state of MA and its EOEEA to analyze EJ 
communities. As with the state of NY, potential EJ communities are identified at the 
Census Blocks Group level. Minority population numbers, income level, English 
proficiency, and foreign birth status are the main Census demographics analyzed by the 
EOEEA (EJPEOEA 2012b). The EJPEOEA (2012a and 2012b) and the Massachusetts Office 
of Geographic Information (MassGIS 2003) define EJ communities as those having 
residents where: a minority or ethnic group makes up 25 percent or greater of the block 
group; a block group is comprised of 65 percent or less of the state median household 
income; a block group is isolated because of language, in which 75 (used in both 2000 
and 2010 for consistency) percent or less of its residents lack English language 
proficiency; and/or a block group where 25 percent or greater of the population was not 
born in the US (born outside the US). To clarify, lacking English proficiency includes 
residents who do not speak English well and/or residents, 14 and older, who speak a 
language other than English. MA guidelines also use a different Census file for 
determining minority populations than the previous guidelines. As a result, the various 
racial categories are summarized in one class. This will be detailed later in this chapter. 
As with NY’s standards, if any or all of these criteria are met, then those block groups 
will be categorized as being potential EJ communities.  
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It is important to note that while governmental guidelines for most of the 
previous examples (e.g., USEPA, USNRC, USA, and NY) did not change between the 2000 
and 2010 Census years, MA guidance did in terms of the literature found. While the 
actual law was not modified according to Suberg and Reid (2014), the MassGIS (2012) 
documentation for 2010 did. Suberg and Reid are currently looking into this. The 2012 
MassGIS guidance takes into account minority populations, income, and English 
language isolation, while foreign-born status seemly is left out for 2010 Census 
calculations. As a result, the MassGIS (2012) procedure was utilized. 
Identifying EJ populations 
With EJ thresholds explored in the previous section, the upcoming section will 
identify how these thresholds are put into practice. Specifically, how minority, low-
income populations, and/or miscellaneous populations are delineated using Census data 
will be explored. To start, the USEPA, USNRC, USA, and NY state guidelines will be 
analyzed. MA state guidelines and 2010 Census data will be discussed after Census year 
2000 as they include slightly different methodologies to the overall analysis. 
First, US Census data were collected in order to determine minority and low-
income groups. Summary Files (SF) 1 and 3 were utilized to accomplish this. Summary 
files contain the data collected by the US Census Bureau (USCB). They are very large 
datasets comprised of many different ASCII files. SF1 contains all the data collected from 
the questions asked on the Census like race and ethnic level data (USCB 2011 and 
2007a), while SF3 contains questions like household poverty or low-income data asked 
on a sample of the population (USCB 2007b) needed for EJ analyses. As SC is the study 
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area for this research, Summary Files 1 and 3 were obtained from the USCB for the state 
of SC. It is important to note that these files are very large (hundreds of megabytes) to 
work with, so a large hard-drive and fast computer with plenty of memory are 
recommended for analysis work. 
In both Summary Files 1 and 3, there are many data files or segments (which 
contain data tables) and one geo-header file to work with. To use these files, the USCB 
provides “shell” Access databases from which to add the downloaded data. Using SF1 
and SF3 documentation (USCB 2002a and 2002b) to analyze which tables are needed, 
the segments within each summary file were selected and unzipped for the 
minority/ethnicity/low-income data of interest (outlined in the next paragraph). The 
USCB provides step-by-step instruction on how to download and install the segments of 
data needed into Access databases (USCB 2015a and 2015b). The data tables (segments) 
were then linked to a geo-header file, which provides locational information like block 
group ID numbers. 
Once the data were brought into Access and the appropriate population data 
tables were linked to the geo-header file, via the LOGRENCO, queries for race/ethnicity 
and low-income populations were made. Specifically, queries for African American, 
American Indian and Alaska Native, Asian, Native Hawaiian and Other Pacific Islander, 
Other Races, Two or More Races (or multi-racial), and Hispanic Ethnicity categories were 
made using their associated table column headings. An aggregate of minority races 
category was also developed as a query. The Aggregate category characterizes the total 
population of all minority races. It is comprised of African American, American Indian 
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and Alaska Native, Asian, Native Hawaiian and Other Pacific Islander, Other Races, and 
Two or More Races categories (CEQ 1997). Noticeably absent from the Aggregate 
category is the Hispanic ethnicity category. The USCB treats minority races and Hispanic 
ethnicity as two distinct categories. In the eyes of the USCB, a person can either be 
classified as Hispanic or not, while being of any race. The USCB records individuals by 
their race and whether they are Hispanic or not. For example, an African American may 
also be considered ethnically Hispanic, while another African American may not have 
that ethnicity. Therefore, the Aggregate grouping avoids double-counting by analyzing 
races and ethnicity separately.  
Before any potential minority or low-income populations are identified within an 
area of interest (AOI), a reference geographic area must be utilized for comparison. The 
reference area is used to determine if the minority or low-income populations are 
higher in the AOI than in other comparable areas; it is a benchmark or statistical 
reference from which to compare (USEPA 2000 and 1999a). The reference area must 
not “artificially dilute or inflate the affected” population during this comparison (CEQ 
1997). As a result, the reference area is often larger than and includes the AOI. Once the 
reference area is chosen, its statistical makeup is then compared to that of the AOI. For 
example, a county minority population average in the AOI may be compared to the state 
average (reference area and population) for that same minority. Often state, county, 
census tracts, block groups, municipal areas, etc. are used in these comparisons. In 
many cases, Census Block Groups are used in EJ analyses because they contain both 
minority/ethnicity and low-income data at a fine scale. Block groups are used because 
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census blocks (smaller units that make up block groups) do not report income data and 
census tracts (larger than block groups) might not delineate minority or low-income 
populations within the larger general population (NRC 2003). The geographic or 
reference area for this process was defined as the state of SC. For the USEPA, USA, NY, 
and USNRC (state comparison) guidelines, block group numbers were compared to state 
averages. For the second USNRC (county comparison) guidance, the reference area was 
defined as each county within the state. Block groups within each county were 
compared to the county averages they reside in. Overall, race, ethnicity, and low-
income household percentages for each block group were either compared to those 
calculated for the state or for each county within the geographic area. After the AOI and 
its reference population were determined, minority and low-income communities were 
found in the screening processes outlined below.   
To start, each race/ethnicity category was queried by block group in Microsoft 
Access. For each block group, the percentage of each race/ethnicity category of the total 
population was calculated. Each block group was also queried for percentage of low-
income households. The percentages of total population of each block group (for 
race/ethnicity/low-income household) were then averaged for each category to yield a 
percentage race/ethnicity/low-income household value for the whole state. In other 
words, each block group was found to have a certain percentage of say African 
Americans out of the total population of that block group. These African American 
percentages were then averaged together for all the block groups in the state. This was 
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also done for all race/ethnicity/low-income household categories at the county level. 
These averages, in turn, made up the values in the reference area.  
Next, comparisons were made in Access. Specifically, the block group 
percentages were compared to the greater than 50% overall and the 20% greater than 
the state or county average (for USNRC second analysis). To compare the 20% greater 
than the state or county average, 20 percentages points were added to those 
race/ethnicity/low-income household average values calculated for the state/county. 
Then, two queries were developed to compare the block group percentages to the 
greater than 50% and 20% greater than state or county average. If a block group 
percentage was greater than 50% overall and/or 20% greater than state or county 
numbers, it was coded as a significant EJ block group. This was done for all 
race/ethnicity/low-income household categories. All block groups exceeding those 
thresholds were coded as EJ block groups. All others were coded as non-EJ block groups. 
This procedure was done for the USEPA, USNRC (for both state and county 
comparisons), USA, and the NY state guidelines.  
Then, the race/ethnicity/low-income data were brought into a GIS for further 
analysis. Specifically, ArcGIS® 10.1 was used to join the socio-demographic to a 2000 
block group data layer or feature class using the GEOID column heading from each 
dataset. This was done separately for the USEPA, USNRC (state and county), USA, and 
the NY state guideline EJ datasets. As a result, the USEPA, USNRC (state comparison), 
USNRC (county comparison), USA, and NY each had a separately joined feature class for 
the 2000 Census year. These comprehensive block group datasets were attributed with 
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demographic and low-income data for every block group in the state. This attribute join 
in ArcGIS® 10.1 allowed for queries to be run on the demographic and low-income data 
layers were just created. Block groups either contained a significant minority/ethnic 
population, a significant low-income population, or no significant EJ population. Queries 
were run by attribute and by location (spatially) to yield counts of EJ block groups by 
county and by the overall state. 
However, NY state guidelines vary slightly from the above-mentioned 50% and 
20% greater thresholds. In place of these numbers, queries were set up to compare 
block group percentages of race/ethnicity to 51.1% and 33.8%. Block group percentages 
of low-income were compared to 23.59%. These numbers were compared to 
minority/ethnic populations in urban areas, minority/ethnic populations in rural areas, 
and low-income households in urban/rural areas respectively. While the Access queries 
were constructed in the same fashion as those created for the USEPA, USNRC, and USA, 
NY state thresholds were used instead for block group comparisons. The thresholds for 
NY state guidelines vary depending on whether the block groups were classified as 
urban or rural, so all three thresholds were run in Access. Block group EJ determination 
for this guideline are explored in the following paragraph.  
As NY state guidelines take into account rural and urban areas in determining 
potential EJ areas of concern, an additional spatial analysis step in ArcGIS® 10.1 is 
undertaken. According to the USCB (2012a), an urban area has a population greater 
than or equal to 50,000 people, while an urban cluster has between 2,500 and 50,000 
people; a rural area is any area not classified as urban. For the purposes of this research, 
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urban areas and urban clusters were summed together to form one urban classification. 
As stated earlier, the statistical thresholds for NY were queried in Access. These 
minority/ethnic/low-income results were then imported to ArcGIS® 10.1. Once in 
ArcGIS® 10.1, they were joined to the year 2000 block groups using the GEOID column. 
These joined block groups and an urban data layer of the state were then analyzed using 
the “intersect” geoprocessing command. This yielded a census block group dataset with 
both socio-demographic data and an urban/rural classification. To elaborate, block 
group boundaries and urban area boundaries do not always match up. This often results 
in a block group containing have both an urban and rural classification after the 
geoprocessing procedure. With various block groups having both an urban and rural tag, 
the number of block group “pieces” in the analysis is artificially inflated. In other words, 
county x may have 20 block groups, but after the urban/rural intersection procedure, it 
may have 29 block group pieces. While not much of a problem, it does make it difficult 
to compare block groups created using this procedure with those created using the 
other guidelines. To compensate, the areas of each block group were calculated before 
the intersection and after. The intersected block group polygon area was then divided 
by the original block group polygon area. This resulted in polygons having a ratio from 
which to compare to the other guidelines. For example, block group 1 may have an area 
of 10 square miles. After its intersection with the urban area datalayer, it may have 3 
square miles of urban and 7 square miles of non-urban areas. By using the ratio method, 
urban areas were able to be counted separately from the non-urban areas. All non-
urban areas were coded as rural. Once the urban and rural classification was made and 
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the ratios were computed, the EJ thresholds were queried in ArcGIS® 10.1. If these 
records achieved the associated threshold, they were coded as EJ communities (if they 
did not, they were not coded as EJ communities). So, using the example outline above, 
three-tenths of a block group could possibly be coded as EJ for minority in urban areas, 
seven-tenths of a block group could be coded as EJ for minority in rural areas, and/or 
one block group could be coded as EJ for low-income. Then, additional queries were run 
by attribute and by location in ArcGIS® 10.1 to generate counts of EJ block groups for 
each county and for the entire state. As a result of this procedure, EJ tallies may not be 
whole numbers at the county or state level when compared to the other guidelines. 
After the NY guidelines were run, MA state guidelines were analyzed. This 
involved utilizing a similar, but slightly different procedure than any of the previous 
guidelines. First, the MA procedure involved only using Summary File 3 in 2000. The MA 
EEA policy (2012) also used Census Block Groups; however, the policy called for 
analyzing percent minority, income, English proficiency, and foreign-born status. Using 
the Census Summary File documentation (USCB 2007b), the tables used for the 
categories outlined in the previous sentence were selected and downloaded from the 
SF3 data package. These tables were then imported into the Access database shell using 
the Census documentation (USCB 2015b). Once in Access, queries were developed to 
yield the proper minority, income, English proficiency, and foreign-born status 
thresholds needed for analysis. MassGIS (2003) provided guidance on how to develop 
these queries. Specifically the guidance listed the field names and formulas used to 
derive the necessary thresholds for EJ block groups. Once the queries were developed 
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and run using the MassGIS (2003) directions, they were exported from Access and 
imported to ArcGIS® 10.1. In ArcGIS® 10.1, an attribute join, using the GEOID, linked the 
socio-demographic data to the 2000 Census Block Group datalayer. Then, queries were 
run in ArcGIS® 10.1 to identify any block groups meeting the necessary EJ thresholds. 
The block groups meeting these thresholds were coded as EJ communities, while those 
that did not were coded as non-EJ areas.  
Then, in an effort to mitigate block groups being selected artificially because of 
high institutionalized populations, public/private colleges/universities and correctional 
facilities were used to “deselect” EJ block groups identified using the MA guidelines. A 
university/college datalayer from the USC (USC 2014a) GIS Data Server & Clearinghouse 
provided point locations of universities and colleges within the state. Any block groups 
that were coincident with these point features were highlighted. Once selected, these 
block groups were recoded as non-EJ areas. Correctional facilities were located by 
geocoding addresses of federal and state facilities (county or city jails were not selected 
as these are more short-term facilities) identified by the US Bureau of Prisons (USBOP) 
and the SC Department of Corrections (SCDOC) (USBOP 2014; SCDOC 2014). After these 
facilities were geocoded, block groups containing these facilities were highlighted and 
classified as non-EJ block group areas.  
Once guidelines were run for the 2000 Census year, it was necessary to expand 
the analysis in this dissertation to include analyzing an additional Census year. To 
compare guidelines over time, the two Census years of 2000 and 2010 were used in this 
inquiry. This allowed for the analysis of significant EJ block groups over the 10 year 
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period of time. Since the guidelines for the USEPA, USNRC, USA, and NY did not change 
over this timeframe, the methodology in delineating EJ block groups remained almost 
entirely the same. The only thing that changed was the inclusion of the 2010 SF1 and 
American Community Survey (ACS) 2006-2010 Census data. As SF3 data were not 
collected or created in one data package for the 2010 Census, the ACS was used as a 
substitute to yield valuable income data. The ACS is an annually collected survey of 
American households providing updated socio-demographic and household information 
(USCB 2012b). It samples households and collects data every year between the 
Decennial Censuses to provide updated information to communities for planning 
purposes (USCB 2015c; ESRI 2013). And, ACS 5-year estimates, in this case from 2006-
2010, provide additional summary data not collected in the 1- or 3-year estimates (USCB 
2012b).  
Much of the methodology remained the same for analyzing 2010 Census data. 
Minority/ethnicity were selected using the tables provided in SF1 and using the 
methodology outlined in (USCB 2011a and 2011b) to extract those tables into an Access 
shell database. Once in Access, queries were set up to determine minority/ethnicity 
percentages in each block group. These percentages were then averaged at the state 
and county level. The averages were then used in the same threshold query formats 
created for 2000. However, analyzing income in 2010 varied slightly. Using the ACS 5-
year data collected for 2006-2010, data was provided and queried using a Census 
Summary File Retrieval Tool. This retrieval tool is provided as a Microsoft Excel macro, 
which downloads and queries ACS tables at the state level (USCB 2015c). This tool and 
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its associated User Guide (USCB 2014d) were used to extract the income data table for 
2006-2010. The data were then queried, selected/copied, and exported into a “clean” or 
new Excel file. This file was then imported to Access. Once in Access, the data were 
queried and analyzed as they were in 2000. State/county averages were used in the 
query EJ thresholds. After running minority/ethnicity/low-income queries on the 2010 
data, the resulting tables were exported to ArcGIS® 10.1 and joined to the 2010 Census 
Block Groups, using the GEIOD column, for each of the guidelines. Then, the joined block 
groups were queried and annotated as either EJ or non-EJ block groups. These results 
were then summarized by each county and the state as a whole.   
As with the 2000 MA guidelines for identifying potential EJ populations, the 2010 
MA iteration varies from the other guidelines discussed in this paper. In the 2010 
version, percent minority, income, and English language isolation were used for 
determining EJ criteria. While the other governmental guidelines used the 2010 SF1 and 
ACS 2006-2010 Census data, the MA directions called for substituting the SF1 files with 
the Redistricting Tables from 2010 (PL-94-171) (USCB 2011c). To locate significant 
minority populations, the redistricting tables were brought into their associated Access 
shells using the directions put forth by the USCB (2014e). Then, queries were designed 
to utilize the equation listed in the MassGIS (2012) directions to identify minorities 
exceeding the MA threshold. Any block groups exceeding this value were labeled as 
potential EJ areas. Household income was then found next. Using the ACS 2006-2010 
estimates, the Median household income table was utilized (MassGIS 2012). This was 
done by taking the average of all block group median household incomes for the state. 
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Once that number was determined, queries were set up in the Access database; any 
block groups having values less than or equal to the state average for median household 
income were coded as potential EJ populations (MassGIS 2012). Finally, English language 
proficiency was found by utilizing the ACS 2006-2010 estimate for Household language 
by linguistic isolation (MassGIS 2012). By using the languages and formula listed in the 
MassGIS (2012) directions, Access queries were set up to determine if any of the 
potential block groups were linguistically isolated. If they were, they were coded as 
potential EJ communities. These results were then imported to ArcGIS® 10.1 where an 
attribute join was used (as in the previous guideline processes) to link the socio-
demographic data to the 2010 Census Block Group datalayer. Any block groups meeting 
the EJ thresholds were labeled as EJ communities within the GIS.  
Then, block groups were analyzed for presence of correctional facilities and 
institutions of higher learning (as with the 2000 dataset). Using the redistricting files 
from 2010, the Group Quarters table was used for this analysis. This table provides 
information on block groups containing group quarters like prisons or dormitories (USCB 
2011d). The Group Quarters table was then brought into the Access shell using a 
procedure similar to the one followed for the Redistricting Tables (USCB 2014e). The 
table was then queried to identify block groups having these large institutional 
populations. ArcGIS® 10.1 was utilized to summarize the Access results, which were 
provided at the block level, to the block group level. This group quarters sum was then 
joined to the MA guideline block groups. If more than 65% of any block group 
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population was from any intuitional housing, they were annotated and recoded as non-
EJ areas. 
Closing Notes 
As mentioned earlier under the NY state guidance, the term “potential,” when 
utilized in conjunction with EJ communities, is quite a thought-provoking term. It is 
especially important when used to describe possibly impacted populations. The 
populations identified in these analyses may or may not actually be real EJ communities. 
To phrase it another way, if any of the previously mentioned procedures identify 
potential EJ communities, then additional analyses must be utilized to confirm whether 
these populations area indeed actual EJ communities. Normally a NEPA analysis will 
then determine if there is “…a disproportionate impact on minority or low-income 
communities…” (Code of Federal Regulations [CFR] 2002). Additionally, potential 
injustices would be assessed and analyzed to determine whether they are adverse and 
excessively high (USEPA 2006; NRC 2003; CEQ 1997). If it is determined that there was 
any disproportionate impact, then prosecution or enforcement, permitting, 
remediation, and/or community involvement may be undertaken (USEPA 1999a).  
Using different governmental guidelines, this dissertation will evaluate potential 
EJ populations in a more NEPA-like screening approach. Potential EJ populations will be 
analyzed by location and by number. This dissertation will not analyze the many other 
aspects of an EJ analysis. Specially, this analysis will not delve into other EJ process like 
public participation, tribal involvement, self-identification, etc. This dissertation will only 
identify potential EJ communities within SC. Any EJ populations identified under this 
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basic screening-level analysis will, potentially, be studied in future research. 
Additionally, future research may allow for the study of additional federal/state 




ENVIRONMENTAL JUSTICE GUIDELINE COMPARISONS 
“There does not exist one single method for determining potential EJ areas of 
concern.” --US EPA Region 4 Interim Policy to Identify and Address Potential 
Environmental Justice Areas (USEPA 1999a) 
Abstract 
In 1994, environmental justice (EJ) became part of United States (US) policy with 
the signature of President William J. Clinton. EJ attempts to provide fair treatment and 
meaningful involvement of all populations, particularly minority, low-income, and native 
communities. To fulfill this goal, potential EJ populations must first be identified. Initially 
the US Environmental Protection Agency (USEPA) took the lead in propagating EJ policy. 
However, over the last 20 years different guidelines have been put forth by federal and 
state agencies to address EJ concerns and identify significant populations. As there are 
multiple EJ approaches available, this study attempted to compare four federal and two 
state EJ guidelines for Census years 2000 and 2010. In doing so, contingency tables were 
constructed to determine if significant differences existed between governmental 
guidelines and the EJ populations they identify. Similarity indices were also constructed 
to help show which guidelines appear to be must similar in recognizing EJ populations. 
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Geographically, maps were created to display where EJ populations were located 
throughout the study area. Statistical differences were observed, even when accounting
for Census year, between governmental guidelines and the populations they identify. 
Several EJ guidelines appeared to be more similar to each other than others. Spatially, 
potential EJ populations tended to aggregate in major metropolitan areas as well as 
south of Interstate 20. This study provides different options for identifying potential EJ 
populations within SC. 
Introduction 
Environmental justice, or EJ, was and is an idea that endeavors to lessen 
environmental discrimination. EJ is an offshoot of social justice, which is simplistically, 
the right to life, liberty, and pursuit of happiness for all peoples (Beauchamp 2013). EJ, 
however, integrates ideas like culture, policy, and societal values; more importantly, it 
looks at how class and race are impacted by the environmental (Cole and Foster 2001; 
Bryant 1995). Officially, it was brought into being on February 11, 1994 when Executive 
Order (EO) 12898 was signed by President William J. Clinton. Since its inception, EJ must 
be bought into the purview of all Federal entities (EO 1994). And, any federal actions 
resulting in disproportionate and adverse impacts on minority and low-income 
populations must be identified (Forrest 2013; EO 1994). Additionally, impacts on 
environmental and human health must be addressed and/or mitigated.  
EJ must also incorporate the ideas of fair treatment and meaningful involvement 
of peoples in environmental concerns (USEPA 2014a). Fair treatment safeguards 
socioeconomic groups (e.g., minority and low-income populations) from unfair 
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government and industrial environmental burdens and impacts (USEPA 2010a, 2010b, 
and 2010c). And, meaningful involvement allows the public to participate and be heard 
in plans or decisions that may impact them in any way (USEPA 2010a and 2010b). Fair 
treatment and meaningful involvement strive to provide non-discriminating laws and 
environmental protection while enabling people to have a voice in proposed or real 
actions that impact their daily lives (USDOE 2014b; USHHS [United States Health and 
Human Services] 2014; USEPA 2010b and 2010c; Whitman 2001). Furthermore, EJ 
makes an effort to share both environmental burdens/impacts and benefits/protection 
among all peoples equally (Steady 2009; Stephens 2007; Obiora 1999). 
But, EJ had its origins many years before its official inception in 1994. The 
concept of EJ came into being during the 1960s, 1970s, and 1980s. It was a time of 
environmental and social change in the US. Smog was rampant, chemical poisons were 
polluting rivers, and sensitive species were disappearing. This was the start of the 
environmental movement. During this time, the US government drafted legislation and 
policy to clean up the environment. Many of the laws crafted during this time are just as 
important today. These include the National Environmental Policy Act (NEPA), 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
Resource Conservation and Recovery Act (RCRA), Clean Air Act (CAA), Clean Water Act 
(CWA), and many others. The civil rights movement was also peaking during this time, 
and with the passage of Title VI of the Civil Rights Act of 1964, the roots of EJ really 
began to take hold (Steady 2009; Kurtz 2007; Cole and Foster 2001). Title VI strives to 
eliminate discrimination by forbidding the use of race, creed, origin, etc. against a 
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person or group (US Department of Justice [USDOJ] 2015a and 2015b; US Department 
of Labor [USDOL] 2015; Lester et al. 2001). Title VI also prohibits the use of 
discrimination where tax monies are used for federal actions, projects, and initiatives 
(US Department of Transportation [USDOT] 2000; Civil Rights Act [CRA] 1964). As EJ 
evolved during this era, it was only natural for ideas against discrimination to be 
included in its structure.  
Historically, higher environmental burdens were placed on people of color 
and/or lower income, often resulting from more highly polluted living and working 
conditions (Ewall 2012; Skelton and Miller 2006; Bullard 1995; Bullard and Wright 1993; 
Bullard 1990; Bullard 1983). It was during this time that EJ really started to evolve via 
grass roots efforts. In the late 1970s and early 1980s, activism started to manifest itself 
in the Houston, Texas (TX) and Warren County, North Carolina (NC) areas (Bryant 1995). 
In both cases, waste site locations rallied African American communities together. 
Landfill disposal of PCBs in a 1983 Warren County, NC African American community and 
the residents’ subsequent protests were a turning point in the EJ world. A study, 
conducted by the US General Accounting Office (GAO), illustrated a link between African 
American communities in EPA Region 4 and hazardous waste landfills sited within them 
(Johnson 2009; Massey 2004; US General Accounting Office [USGAO] 1983). Then, 
demographics were shown to be correlated with the placement of hazardous waste 
sites via a 1987 United Church of Christ Commission of Racial Justice study (US 
Department of Energy [USDOE] 2014a; Ferris and Hahn-Baker 1995; United Church of 
Christ 1987). These studies proved to be watershed moments for the EJ movement. 
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Grass roots efforts and protesting followed in Birmingham, Alabama (AL) as 
environmental racism came to light as a garbage transfer/recycling site was scheduled 
to be built in a predominantly African American neighborhood; obviously, this intention 
typifies environmental racism (Westra 1995). EJ then branched out beyond merely 
landfill-related concerns and began to incorporate additional areas of public health as 
shown by Summit I of the National People of Color Environmental Leadership Summit in 
1991 (Johnson 2009; Bullard 2005). Activism and meetings in many other cities brought 
EJ to light and showed how grass roots organizations could wield significant power. With 
these new ideas and developments, EJ began to mature and make government take 
notice.  
Traditionally, EJ has concentrated on addressing environmental and human 
health issues associated with hazardous waste sites, toxic chemical releases (Toxic 
Release Inventory [TRI]), poor air/water, brownfields, etc. (Wilson et al. 2012; Stokes et 
al. 2010; USEPA 2009a; Conference on Environmental Justice 2007). While upholding 
the ideas of the basic civil rights, EJ has attempted to mitigate and eliminate 
environmental harms and public health disparity on minority and low-income 
communities (Bullard 2014; Johnson 2009). But as EJ evolved, it has grown into a more 
comprehensive approach in identifying and tackling environmental and health-related 
impacts. With this growth, EJ has branched out from the federal government into the 
realm of the state governments. As different governmental agencies have different 
directives and agendas, EJ guidelines and procedures for identifying potentially 
impacted communities are quite variable. The USEPA (1999a) even mentions this and 
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notes there is no one go-to method for identifying and analyzing EJ communities. As a 
result, this research analyzed various federal and state governmental guidelines in 
identifying potential EJ populations. 
Study Area 
The study area for this research was the state of South Carolina (SC) (Figure 3.1). 
The Spanish and French first colonized SC in the 1520s, with the British setting up 
permanent colonies in the 1670s (Bennett 2008; Thalimer et al. 1999; Jones 1971). Since 
that time, SC has seen vast changes in politics and economic growth while playing key 
roles in this nation’s history. SC had integral parts in the Revolutionary and Civil Wars, 
the post-war Reconstruction period, and the growth of manufacturing and textiles in the 
south; in more modern times, tourism has become a key player in SC (SC State Library 
[SCSL] 2014; Winberry and Stine 2008; Thalimer et al. 1999). SC saw, firsthand, the Civil 
Rights Movement and its many social and societal changes during the 1960s (Bass and 
Poole 2009).  
In addition to its place in history, SC is comprised of a varied landscape. With its 
coastal beaches, mountains, sand hills, wetlands, agriculture, forests, and other rural 
and urban landscapes, SC has an extensive topographic makeup. And, the state 
continues to evolve with its geography. Over the years, the state’s population has 
increased. Specifically, the state’s population was 4,012,012 in 2000 and increased to 
4,625,364 in 2010 (United States Census Bureau [USCB] 2014a and 2014b). This is a 
613,352 person increase in population (SC Budget and Control Board [SCBCB] 2012a). To 
put it another way, this 15.3% growth in population resulted in SC being ranked number 
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ten of the largest increases in state growth between the 2000 and 2010 Census (SCBCB 
2013 and 2012b). As a result, the number of US Census blocks and  US Census block 
groups in the state increased from 143,919 to 181,908 and from 2,859 to 3,059 
respectively (USCB 2014c). With this increase in population, socio-demographics has 
become important to not only demographers, but to politicians and environmental 
regulators. 
More importantly, SC is very active in the EJ arena with its various initiatives. 
Three major enterprises currently taking place are: the ReGenesis Partnership, which 
was brought to light in Spartanburg, SC to help clean-up and revitalize certain 
neighborhoods within the city (Fields 2014; Fleming 2004); the Low Country Alliance for 
Model Communities (LAMC), which is addressing poor air quality and other public health 
issues in many economically challenged Port of Charleston neighborhoods (Dalemarre et 
al. 2014; Wilson et al. 2014); and, Graniteville, SC, a rural community that experienced a 
chlorine disaster in 2005, which is currently being studied for its response to the disaster 
(University of South Carolina [USC] 2011; Dunning and Oswalt 2007; Wenck et al. 2007). 
In addition to these current EJ activities, SC has won the EPA’s Environmental Justice 
Achievement Award four times. It won the award twice in 2008 for efforts put forth by 
the South Carolina Department of Health and Environmental Control (SCDHEC) and the 
Medical University of South Carolina (USEPA 2008 and 2008b) and twice in 2009 for the 
ReGenesis Project and LAMC (USEPA 2009b and 2009c). While SC continues to make 
advances in the area of EJ, considerable work still needs to be done. 
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Aims & Hypotheses 
Using a specific aim (SA) approach, a set of null hypotheses were tested and 
evaluated. As no one particular governmental guidance exists to identify potential EJ 
populations, the overall SA of this effort was to analyze how different guidelines identify 
potential EJ communities. And, as SC experienced population growth between the 
Census years of 2000 and 2010, the SA also analyzed how governmental guidelines 
identify potential EJ communities over time. The thinking was that different guidelines 
identify different EJ communities and, that over time, guidelines classifying EJ 
populations in location and number will be the same guidelines making similar 
assessments at a later date.  
As a result, two null hypotheses were analyzed under this SA. The first null 
hypothesis to be analyzed and tested was that there was no significant relationship 
between governmental agency guidelines in identifying EJ communities. The second null 
hypothesis to be tested was that there was no significant relationship between 
governmental agency guidelines in identifying EJ communities between the two census 
periods of 2000 and 2010.  
Methods 
A variety of objectives were put forth to analyze and address the research 
hypotheses of this investigation. The overall objectives were to compare various EJ 
guideline-identified populations and analyze how these identified populations might 
change over time. Specific objectives included:  identifying minority, low-income, and/or 
other EJ communities (populations) in the study area during the 2000 and 2010 Census; 
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comparing similarities and differences in the numeric tallies and geographic results of 
the guideline-identified populations for the two Census years; conducting a similarity 
analysis of identified EJ populations; and, statistically determining if any significant 
relationship exist between guideline-identified populations and guideline-identified 
populations over the 10 year timeframe of 2000 and 2010. 
As the federal government has no single, comprehensive method for analyzing EJ 
issues (USEPA 1999a), the USEPA started developing its Plan EJ 2014 project to help 
rectify this (USEPA 2011b). But until a single approach is agreed upon and utilized, each 
agency may employ their own interpretation of how to identify potential EJ 
communities. As a result, for this research, three US government agency NEPA 
guidelines were analyzed and compared. SC, however, does not have its own guidelines 
in identifying potential EJ populations. Therefore, two other states with EJ guidelines 
were chosen and applied to SC-related demographic data.   
The US Environmental Protection Agency, the US Nuclear Regulatory 
Commission, and the US Department of Defense (US Army) were chosen as federal 
representatives in this analysis because of their important roles in the study area. The 
US Environmental Protection Agency (USEPA) is responsible for reducing environmental 
hazards/risk/impact, enforcing environmental policy, and protecting human health, etc. 
(Good 2014; USEPA 2014b, 2010d, and 2004). Under NEPA, the USEPA requires the 
analysis of minority and low-income populations (USEPA 1999b). The USEPA also strives 
to ensure an evenhanded EJ presence and enforcement between the public, industry, 
and governmental entities (Good 2014). The US Nuclear Regulatory Commission 
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(USNRC) is also charged with protecting human health and the environment, but 
specifically from radioactive materials and nuclear reactor processes (USNRC 2012). The 
USNRC regulates nuclear fuel and the disposal of radioactive waste, licenses nuclear 
sites, and decommissions facilities, while maintaining compliance under NEPA (USNRC 
2014a, 2014b, 2004a, and 2003). Under any regulatory or licensing actions, the USNRC 
must analyze and address any potential EJ populations, concerns, or issues as outlined 
under NEPA (USNRC 2004b). While not officially an environmental agency, the US Army 
(USA) does have a responsibility to the environment. The USA, as part of the 
Department of Defense (DOD), is tasked with ensuring and protecting the nation’s 
security, territory, and interests via its land warfare capabilities (USA 2012, 2011, and 
2007). The USA must analyze environmental impacts, address potential EJ concerns, and 
follow NEPA regulations while training and planning stateside actions (Code of Federal 
Regulations [CFR] 2002); US DOD [USDOD] 1996). As such, the USA is responsible for its 
environmental actions and impacts. 
The clear and explicitly spelled out guidelines in the states of New York and 
Massachusetts allowed for state EJ comparisons. Public health concerns, environmental 
protection/quality, EJ, conservation, etc. are the mission of and overseen by the 
Department of Environmental Conservation (NYDEC) in NY State (DeJesus 2015; NYDEC 
2013). NYDEC addresses EJ issues and concerns under its Commissioner Policy 29 (CP-
29) (NYDEC 2003a and 2003b). Through its Office of Environmental Justice, the 
environmental needs and mitigation of detrimental impacts of/on minority and low-
income populations are addressed (NYDEC 2012a). Similarly to NY, energy resources, 
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environmental and natural resources, and public health are also protected in 
Massachusetts (MA). The Executive Office of Energy and Environmental Affairs (EOEEA) 
is responsible for these duties in the Commonwealth of MA (Suberg and Reid 2014; 
EOEEA 2013). The EOEEA’s Environmental Justice Policy attempts to address 
environmental burdens on minority and low-income populations, while increasing 
investment in EJ communities and making EJ a part of all state decisions (Suberg and 
Reid 2014; The Environmental Justice Policy of the Executive Office of Environmental 
Affairs [EJPEOEA] 2012a; EOEEA 2012). The EJPEOEA has become part of all state 
environmental programs and has the goal of providing equity to all citizens.  
Next, the federal and state EJ guidelines for identifying potential populations will 
be explored. Specifically, how potential EJ community locations are identified will be 
discussed. Each agency, while trying to fulfill its EJ responsibilities, often has its own set 
of guidelines from which to identify potentially impacted populations. As such, there are 
often both similarities and differences between agencies depending on their overall 
missions. 
The USEPA, a leader on the Interagency Working Group (IWG), identifies 
potential EJ populations using 1997’s Environmental Justice Guidance Under the 
National Environmental Policy Act as developed by the Council on Environmental 
Quality (CEQ). However, SC is located within USEPA’s Region 4. Therefore, Region 4’s EJ 
guidelines were used for this research. Region 4 identifies potential EJ communities 
using its Interim Policy to Identify and Address Potential Environmental Justice Areas 
(USEPA 1999a). Under this policy, any minority or low-income population that exceeds 
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1.2 times the state average for that category, are deemed potential EJ populations 
(USEPA 1999a). This threshold applies to Census Block Groups containing low-income 
households; Hispanic ethnicity; Black or African American races; American Indian and 
Alaskan Native races; Asian; Native Hawaiian and Other Pacific Islander races; 
Multiracial (Two or More Races); and/or Some Other Race categories. 
Under its NEPA responsibilities, minority and low-income populations potentially 
impacted by the USA must be identified (DOD 1995). Canter et al. (2007) identifies 
minority and low-income EJ communities when 50% or greater of the Census Block 
Group population is exceeded. Additionally, if minority and/or low-income communities 
are “disproportionate to the area,” a 20% or greater than state average threshold is also 
used (Carter et al. 2007). Minority and low-income populations make up identical 
categories as those mentioned under the USEPA guidelines. 
The USNRC must also analyze minority and low-income populations under its 
NEPA responsibilities. The USNRC examines potential EJ populations at the Census Block 
Group level (USNRC 2004a and 2003). Significant minority populations are present if 
50% or greater of the block group is classified as minority; in addition, significant 
minority populations are present if the minority population is 20% or greater than the 
state average (USNRC 2004a). The same percentage thresholds are used for identifying 
low-income populations (USNRC 2004a). American Indian and Alaskan Native; Asian; 
Native Hawaiian and Other Pacific Islander; Black or African American races; Multiracial; 
Some Other Race; Hispanic ethnicity; and those households living below poverty are 
classified as EJ communities. The USNRC may also analyze and compare populations to 
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county averages in its geographic area of comparison. Therefore, both state and county 
averages were analyzed using identical thresholds for minority/ethnicity and low-
income populations (USNRC 2004a and 2003). As a result, two separate analyses were 
run and yielded two sets of results under the USNRC guidelines. 
Potential Environmental Justice Areas (PEJAs) reaching numeric thresholds in NY 
State are identified by the NYDEC Office of Environmental Justice (NYDEC 2011). Census 
Block Groups having 51.1% or greater minority populations in an urban area (33.8% or 
greater minority populations in a rural area) and/or 23.59% or greater low-income 
households (below the federal poverty level) in an urban or rural setting are considered 
PEJAs (NYDEC 2012b, 2011, and 2003b). Minority populations include those belonging to 
African American or Black, Asian, Hispanic, Pacific Islander, Two or More Races, Some 
Other Race and/or American Indian groups.  
In MA, the EOEEA analyzes potential EJ communities at the Census Blocks Group 
level using a slightly different set of criteria than the previously explored guidelines. MA 
analyzes minority populations, income, English proficiency, and foreign birth status 
(EJPEOEA 2012b). Potential EJ communities are identified when a block group is: 25% or 
greater minority/ethnic group; 65% or less of the state median household income; 75% 
or less English proficient; and/or 25% or greater born outside the US (EJPEOEA 2012a 
and 2012b; MassGIS 2003). While governmental guidelines for the USEPA, USNRC, USA, 
and NY remained consistent between the 2000 and 2010 Census years, the 2010 MA 
guidance changed slightly in the MassGIS (2012) documentation. However, according to 
Suberg and Reid (2014) the law did not change during this time and are verifying the 
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2010 procedures. As the 2012 MassGIS guidance mentions only minority populations, 
median household income, and English language isolation, foreign-born status was not 
analyzed. 
EJ populations were then identified using ACCESS to develop Census data queries 
to extract significant populations. ArcGIS® 10.1 was then utilized to visualize and 
interpret results for Census years 2000 and 2010 Census. EJ populations were then 
analyzed qualitatively and quantitatively. First, the 2000 Census year was analyzed. 
Qualitatively, the guideline results for 2000 were analyzed geographically. Specifically, 
the locations of potential EJ populations were observed, described, and compared 
within the study area (Berg 2004). Results were shown in map form with an overall state 
population of EJ communities shown on one map (all minority, low-income, etc. EJ 
communities), while specific EJ communities were shown on individual maps (e.g., 
African American EJ communities were shown on a different map than Asian EJ 
communities). This helped illustrate where potential populations were located within 
SC.  
Once governmental guideline-identified EJ communities were analyzed for the 
Census 2000, they were analyzed and compared over time. Potential EJ populations, 
identified using the governmental guidelines and GIS methodologies, were found using 
2010 Census results. An identical qualitative and quantitative approach was utilized for 
the 2010 outcomes. Again, results were mapped and described. After results from 2010 
were studied, potential EJ populations from both 2000 and 2010 were compared. Here, 
2000 results were shown with 2010 results. One map with all potential EJ communities 
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from 2010 was overlaid on the 2000 map to show how the EJ communities changed (or 
did not change) over the ten year period. The similarities and differences were noted. 
Specific communities (e.g., low-income) from 2000 were shown next to the same 
community breakdown from 2010.  
Quantitatively, three approaches were utilized in analyzing the 2000 results. The 
first numerically counted potential EJ communities in terms of total number and make-
up by guideline (e.g., African American, Hispanic, low-income, etc.). The results were 
ranked using a simple ordinal scale (Freund and Wilson 1997). This was done to 
illustrate which guidance produced the highest number of EJ communities. EJ 
populations from 2010 were also tallied and ranked in a similar fashion as those in 2000 
to determine which guidelines produce the highest numbers of potential EJ populations. 
Then, year 2000 tallies and ranks were compared to year 2010 tallies and ranks. This 
was done to show if guidelines in 2000 were ranked in the same way as those in 2010.  
Statistics were also used under this quantitative assessment. To test whether the 
EJ guidelines showed any significant relationship, contingency tables were utilized. As 
the responses consist of binary variables (e.g., EJ responses versus non-EJ responses) 
and the explanatory guidelines (e.g., USEPA EJ guideline, USA EJ guideline, etc. with no 
implicit ordering) are nominal in nature, contingency tables were utilized to test the 
categorical nature of data (Friendley 2000). This is a way to display categorical data in a 
rectangular table, or matrix, format showing all outcome combinations (Agresti 2013). 
Specifically, a contingency table displays categorical frequencies between the 
dependent (response) and independent (explanatory) variables (Whitlock and Schluter 
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2015; Portney and Watkins 2009). They are also used to summarize data and show a 
relationship between two categorical variables (Gotelli and Ellison 2004; Stokes et al. 
1995). A chi-square statistic was utilized to test the strength of relationship between 
observed and expected frequencies (Portney and Watkins 2009; Everitt 1992). And, if 
there is a relationship or association between the response and explanatory categorical 
variables, then a lack of independence is determined (Whitlock and Schluter 2015).  
The null hypotheses were tested using two-way contingency tables in SAS 
statistical software. As the data were categorical in nature, the Proc Freq command was 
used. Formatting and analysis of data followed procedures outlined by Stokes et al. 
(2000 and 1995). Data were input by EJ guideline, EJ result (EJ versus non-EJ), and 
counts of EJ results. The “weight” statement was used to tell SAS which variable houses 
the frequency data, while the “tables” statement was used to form the frequency matrix 
between the EJ guidelines and count results. The “chisq” option was utilized in the 
“tables” statement to test for independence in the data (Delwiche and Slaughter 2012). 
Specifically, two separate chi-square analyses were run. The Proc Freq test was 
performed for both the 2000 and 2010 Census years to test if guidelines were mutually 
exclusive of each other. 
A third Proc Freq test was run to analyze whether Census year (or time) was 
significant when pooling the data. Specifically, the Cochran-Mantel-Haenszel (CMH) test 
was utilized. This test allows for detection of differences when analyzing repeated data 
(McDonald 2014). For the purposes here, the 2000 and 2010 datasets were considered 
repeats, and this test detects differences in the repeat proportions. In other words, the 
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partial tables created by the 2000 and 2010 subdivisions of the overall dataset are 
analyzed and summarized by the CMH test statistic (Agresti 2007). The CMH test was 
utilized in SAS via the Proc Freq command with “cmh” option as outlined by Stokes et.al 
(2000 and 1995). The “cmh” option was employed to determine if there was no 
significant difference between the guidelines over then ten year Census period.  
In addition to performing statistical analyses, simple similarity analyses were run. 
To analyze the similarity between EJ guidelines, Jaccard’s similarity index was chosen to 
analyze the EJ/non-EJ guideline results (Jaccard 1908). Jaccard’s index can be expressed 
using the equation J = C / A + B – C, where C is the number of attributes or data points in 
common to guidelines a and b (e.g., USEPA 2000 EJ guideline and USA 2000 EJ guideline 
respectively), A is the number of attributes in guideline a (e.g., USEPA 2000 EJ 
guideline), and B is the number of attributes in guideline b (e.g., USA 2000 EJ guideline) 
(Real 1999; Real and Vargas 1996). Jaccard’s similarity index has been utilized in a 
number of disciplines over the years, ranging from species associations (Real 1999), to 
predator/prey relationships (Gao 2013), to the analysis of criminal actions (Lee 2013), to 
behavior linkage analysis in arson studies (Ellingwood et al. 2013), to cluster analysis in 
biological systematics (Aldenderfer and Blashfield 1984). Often used because of its 
simplicity, Jaccard’s similarity index was chosen to assess the associations (or positive 
occurrences) between the various EJ guidelines. 
By utilizing Jaccard’s similarity index, three matrices were developed to compare 
the EJ guidelines. The first matrix was created to demonstrate the similarity indices of 
the 2000 EJ results. The second matrix was created to report the similarity indices within 
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the 2010 EJ results. And, the third matrix was created to display the similarity indices 
between the 2000 and 2010 EJ guideline results. In the 2000 and 2010 matrices, 
Jaccard’s equation was used to calculate the associated similarity results between 
guidelines in their respective years. These indices were calculated from numbers 
derived from both the EJ guideline results counts and common attributes between 
guidelines as determined by GIS analyses. For instance, one cell in the matrix might 
utilize the total number of EJ block groups (EJ population total) for the USEPA as the A 
value, while the USA might utilize its total number of EJ block groups for the B value. To 
calculate the C value of Jaccard’s similarity index, ArcGIS® was used. Here, an attribute 
join was used to join different EJ guideline feature classes together based on the block 
group identifier (BKGPIDFP00 for 2000 and GEOID10 for 2010). Matching records from 
the join were used to represent the C, or coincident (common) value between the 
guidelines used for A and B. This methodology worked only for whole block group 
results (e.g., USEPA, USA, NRC, and MA EJ guideline results). As the NY guideline 
produced partial block group results and utilized a sum of these partial block groups to 
determine its number of EJ populations, a slightly different methodology was employed 
to determine the number of block groups in common. Here, relates were utilized to 
analyze the one-to-many relationship resulting from the numerous NY block group 
pieces. Using a relate based on the block group identifier, a definition query was then 
set up to yield only results with a ratio of before and after block group square miles that 
were equal to one. A ratio of one indicates that the block group was not subdivided. 
These whole NY EJ block groups were then compared to the whole block groups of the 
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other guidelines. Once all the A, B, and C values were determined, they were placed in a 
spreadsheet to develop the matrix. Jaccard’s similarity index was then applied to the 
different cells in the matrix.  
While the previous methodology was incorporated for both the 2000 and 2010 
EJ results individually, a slightly different methodology was employed to compare 2000 
results with those of 2010. As the number of block groups in SC changed from 2000 to 
2010, so did some of their resulting shapes. Many block groups changed in size, were 
subdivided, and/or had boundaries that changed and did not match with the previous 
iteration. These changes were the result of population changes and redistricting 
between the Census years. As whole block groups could not be compared to identical 
whole block groups over the ten year period accurately, aggregate areas were utilized to 
calculate Jaccard’s instead of counts of EJ populations. For each EJ guideline feature 
class, in both 2000 and 2010, the dissolve command was utilized in ArcGIS® to create a 
single, large area polygon from many small block groups. An area was calculated for 
each dissolved polygon to represent the A and B values in Jaccard’s. Then, like guideline 
dissolved features were intersected to create a polygon of only overlapping areas. The 
areas of intersection were then calculated. The intersected area represents the C value 
in Jaccard’s equation. For instance, the 2000 UESPA and the 2010 USEPA results (many 
block groups) were each dissolved into a one area polygon. Then the dissolved 2000 
UESPA polygon was intersected with the dissolved 2010 USEPA polygon. The resulting 
polygon and its calculated area of coincidence between the A and B areas were then 
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used to represent the C area value in Jaccard’s index. These results where then placed in 
a spreadsheet, while Jaccard’s equation was then applied to create the third matrix. 
Results  
There were 2,859 Census Block Groups in 2000 and, over the ten year period 
ending in 2010, the number of Census Block Groups grew to 3,059. Table 3.1 shows the 
number of block groups (EJ populations), by county, for each of the EJ guidelines. 
Overall, the number of EJ block groups increased over the ten year time frame of 2000 
to 2010. The number of block groups identified varies from 757 to 1,589 in 2000. In 
2010, identified block groups range from 880 to 1,933. In addition, the percentage of 
total block groups identified as EJ populations range from 26% to 56% in 2000; while in 
2010, the number of EJ-identified block groups range from 29% to 63%. Table 3.1 also 
displays a simple EJ count ranking scheme that shows that the USEPA guidance ranks 
the lowest in terms of identifying EJ populations by count. With an EJ count rank of one, 
the MA guidance identifies the highest numbers of EJ populations by count.  
EJ populations are illustrated in a series of maps. Figures 3.2 through 3.19 display 
where USEPA, USA, USNRC, NY, and MA guideline-identified populations are resident in 
SC. These figures individually display EJ guideline results by year and as a composite of 
years for each specific guideline to show where populations are and where they are not. 
Specific EJ population breakdowns (e.g., African American race, Low-income household, 
Foreign-born, etc. categories) are shown in Table 3.2. Here, EJ-identified block groups 
(populations) are broken down by specific EJ class, by guideline, and by year. The 
Aggregate of Races and African American race categories consistently show the highest 
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numbers of EJ populations. The Low-income household category shows the next highest 
EJ populations. Worth noting is that there are no Native Hawaiian and Other Pacific 
Islander or Two of More Races populations identified in this analysis. There were also no 
Asian or American Indian and Alaskan Native races identified using the NY guidance. As 
the MA guidance groups minority populations into one category, this represents the 
highest number of EJ populations identified for that guidance. Low-income populations 
make up the next highest category for the MA guidance. Figures in Appendix A show the 
EJ population breakdown. Figures A.1 through A.74 illustrate where EJ populations are 
located across the state by year. 
To understand the relationship or association between the guidelines and the EJ 
populations they highlight, contingency tables were constructed and utilized with the 
chi-square statistic. Data were run separately, by year, and together or combined. The 
first chi-square command was performed on the year 2000, while the second was run 
on year 2010 Census data. Controlling for year 2000 in SAS yielded a chi-square statistic 
of 738.5494. And, controlling for year 2010 in SAS produced a chi-square statistic of 
1146.2061. Both contingency table analyses produced results with five degrees of 
freedom and p-values of <0.0001. Then, the results were run together, combining years 
2000 and 2010. Using the “cmh” option in the Proc Freq command of SAS produced 
results controlling for year. Here the general level of association yielded a chi-square 
statistic value of 1887.3871. This value was also produced with five degrees of freedom 
and a p-value of <0.0001. 
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Similarity coefficients and associated matrices were developed to recognize the 
degree with which the different guidelines agreed with each other. Three matrices 
contain the similarity coefficients between the guidelines. In Table 3.3, Census Year 
2000 guideline results are compared with other Census Year 2000 guideline results. 
Here, values range from a perfect agreement of 1 to 0.34279. Table 3.4 displays 
similarity coefficients between the EJ guidelines for Census Year 2010. Values range 
from 1 to 0.379809. In Tables 3.3 and 3.4, there appears to be more agreement (higher 
Jaccard Coefficient) between the USEPA, USA, and USNRC criteria, than between those 
guidelines and the NY and MA values. And, Table 3.5 presents the similarities between 
EJ guidelines by comparing 2000 to 2010 results. In this matrix, values range from 
0.73608 to 0.826275. When comparing like guidelines between the Census years, 
similarity coefficients increase from the least number of identified populations (USEPA) 
to the most number of identified EJ populations (MA). 
Discussion 
Qualitative and Quantitative Discussion 
As the number of EJ block groups increased over the ten year Census time frame, 
so did the number of EJ populations. Based on simple counts, the MA guidance 
identifies the greatest number of block group communities in both Census years. This is 
followed in decreasing order by the NY guidance, the USNRC county average guidance, 
the USNRC state average, and the USEPA guidance. The USA guidance is equal to the 
USNRC state average. Percentages of identified block group communities vary from the 
mid-20s to the low-60s. The MA guidance was the only guideline to achieve an EJ-
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identified result with a greater than 50% of the total block group count; values in 2000 
and 2010 both exceeded 50%. Higher numbers of identified EJ populations seem to 
stem from guidelines addressing more diversified populations. For example, NY 
incorporates urban and rural areas, while MA includes characteristics like English 
language and birth location in their EJ determinations. By addressing more refined 
demographic areas, additional populations were included in the outcomes regardless of 
the different numeric thresholds utilized by the guidelines. 
In terms of which counties have the highest numbers of EJ block groups, 
Greenville, Richland, and Charleston Counties top the list. Spartanburg and Orangeburg 
counties also have high EJ block group numbers. This tends to make sense, as these 
counties have some of the highest populations in the state. They also have the largest 
cities in the state. In turn, this may result in more potential for diversified populations 
(e.g., minority, low-income, etc.). Counties with lower populations tended to have lower 
numbers of EJ block groups. 
When analyzing the maps of guideline results, there are several common themes 
evident. For the 2000 and 2010 USEPA results, there are greater numbers of EJ 
communities (block groups) south of Interstate 20. Looking at the USA and both USNRC 
guidelines, a similar pattern appears. Again, there are greater numbers of EJ 
communities south of Interstate 20; however, with these guidelines, there are both 
more communities north and south of the interstate when comparing these results to 
those of the USEPA. In analyzing NY’s guidance, the EJ block groups are more plentiful 
and much denser throughout the state than the previous guidelines. But for the MA 
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guideline, the results seem quite different. In fact, south of Interstate 20, there is little 
area lacking EJ block groups. North of Interstate 20 also shows an area much more 
dense with EJ communities. Between Interstate 20 and Interstate 85, there are many 
more EJ block groups than the other guidelines. Like the other guidelines, however, 
there are fewer EJ block groups north of Interstate 85. 
As each EJ guideline was broken down, the Aggregate of Races category had the 
highest numbers of EJ block groups. Since this category is a summation of all minority 
categories, except Hispanic ethnicity, it makes sense that it would have the greatest 
number of identified block groups. If the Aggregate category was not present, then the 
African American race category would have made up the largest number of EJ block 
groups in the state. At a distant second was the Hispanic ethnicity category. And, the 
Low-income category placed third in terms of block groups identified. Worth noting is 
the fact that the Native Hawaiian and Other Pacific Islander races and Two of More 
Races categories did not have any identified block groups in any of the guidelines. In 
addition, all guidelines identified very low numbers of Asian race and American Indian 
and Alaskan Native race block groups. Based on demographic summaries in American 
FactFinder from 2000 and 2010 (USCB 2014a and 2014b), these numbers fall in line with 
what is expected for the state. There are more African Americans in SC than any other 
ethnic or minority group. Interestingly, there appears to be more African American EJ 
groups in the southern part of the state. This is likely tied to income and the poorer 
counties in the Pee Dee, Sandhills, and coastal counties. And, Hispanic EJ block groups 
seem to be tied to farming areas, coastal seafood processing areas, and/or areas of 
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growth and construction. This will be analyzed in Chapter 5 when land use and land 
cover and explored in relation to EJ communities. 
These trends were evident for all guidelines except for MA. For the MA guidance, 
minorities were basically taken as a whole (or not white). As a result, the numbers of 
minority block groups were about three times greater than the next highest number of 
identified block groups, the Low-income populations. English proficiency and foreign-
born status made up much lower, albeit still significant, numbers of block groups for 
year 2000. While foreign-born status was not used in 2010, 12 block groups were 
identified for English proficiency in 2010. Despite not taking into account foreign-born 
status in 2010, the MA guideline still produced the greatest numbers of EJ communities 
when compared with the other guidelines studied. 
By analyzing contingency tables, the relationship between the six EJ guidelines 
and the number of EJ-identified/non-EJ identified communities could be examined. 
When analyzed at the decennial Census level, the null hypothesis is rejected. Statistical 
results show that there are significant differences between EJ guidelines and the 
communities they identify. With the “cmh” test, the null hypothesis was also rejected. 
As a result, it was determined that there are significant relationships (and differences) 
between using the governmental agency guidelines to identify EJ communities over the 
ten year timeframe of 2000 and 2010. To put it another way, Census year seems to play 
an important role in identifying EJ populations using these governmental guidelines. 
When evaluating the similarity matrices for 2000 and 2010, several 
interpretations can be made. The first is that the highest similarity coefficients exist 
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between the USEPA, USA, and both USNRC criteria. Outside of comparing the USA with 
the USNRC state average results (which are produced by identical guidelines), the 
USNRC State average and USNRC county average results produce the highest similarity 
coefficients. These results are derived from more similar guidelines than the guidelines 
that produced the NY and MA results. In other words, the USEPA, USA, and USNRC 
guidelines/results are more similar to each other than they are to the NY and MA 
guidelines/results. And while the NY and MA guidelines are less similar to the USEPA, 
USA, and USNRC criteria, they are even less similar to each other. This more than likely 
can be explained by the fact that the USEPA, USA, and USNRC results are derived from a 
combination of thresholds of minority/ethnic and low-income Census data. Differences 
arose when urban/rural, language, birth country, etc. classifications are utilized as 
deciding factors. These patterns of similarity hold between the 2000 and 2010 Census 
years. However, it is interesting to note that the similarity coefficients increase as the 
number of criteria in the guideline increases when comparing the 2000 guidelines to the 
2010 guidelines. This more than likely is the result of increased identified areas of the 
NY and MA guidelines in comparison to the USEPA, USA, and USNRC guidelines; more 
block groups were identified initially in 2000 for NY and MA and more similar numbers 
and areas were identified in 2010. 
General Discussion 
In addition to how EJ block groups were spatially arranged by guideline across 
the state, it is important to note how the arrangements of block groups changed over 
the ten year time frame. As the population in SC grew from 2000 to 2010, the number of 
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block groups in the state increased. In many cases, block group boundaries were 
redrawn and/or subdivided. This resulted in many block groups having different shapes 
between the 2000 to 2010 Census years. This is particularly evident in two areas. The 
first is the Savannah River Site. In 2000, census blocks with significant EJ populations are 
present in the Savannah River Site. As no one lives on the installation, the block group 
lines were drawn to include some less populous areas and resulted in giving population 
numbers to areas without residents. In 2010, it appears the lines were drawn in such 
manner as to only count populations in areas where there are actually residents. As a 
result, no EJ populations were picked up on site in the 2010 Census. The second area of 
interest is off the coast. In 2000, the block groups were drawn to account for a small 
sliver of buffer area off the coast. Thus, there are some significant EJ populations that 
are shown extending into the ocean. As there no block groups off the coast of SC, this 
seems to be addressed in 2010.  
Obviously state and county boundaries do not change year after year, but 
smaller subdivisions like block groups and blocks may. And, this was dealt with by 
utilizing single area polygons for between year comparisons when conducting the 
similarity analysis. By dissolving many block group polygons and intersecting the results, 
a total area of overlap was used in between year similarity analysis. While EJ population 
counts were not used in the between year similarity analysis, areal comparisons were 
considered a better surrogate for comparing commonality between years instead of 
trying to sort and compare “pieces” of EJ block groups that may or may not overlap one-
for-one. And, as a result, using Jaccard’s index of similarity may result in different 
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conclusions when using EJ population counts versus EJ population areas. The issue, 
however, begs the question of how the Census compares areas at different points in 
time when the boundaries may change as a result of changes in the population.  
While this research showed that different governmental guidelines identify 
different numbers of EJ populations, it is important to point out several limitations. The 
first is in analyzing EJ block groups by guideline. Block groups were identified on the 
basis of whether any significant EJ population was present. If Asian populations were 
significant, then the block group was identified as an EJ block group. If the block group 
fell within the income threshold, it was identified as an EJ block group. However, in 
many instances, block groups met multiple EJ characteristic thresholds. In other words, 
a single block group may be significant in terms of EJ characteristics for African 
American, Hispanic Ethnicity, and low-income status. Though not important in terms of 
determining whether block groups should be classified as EJ or not, for the purposes of 
running the statistics here, it was. When running the contingency tables, results had to 
be mutually exclusive of each other. A block group could either be EJ-identified or not. 
This would only become an issue if analyzing the finer EJ breakdown each block group. 
For example, an analysis would include a single EJ category (e.g., low-income EJ 
threshold from each guideline) and a chi-square analysis. This would have to be done in 
multiple iterations for each EJ category. While interesting, this would necessitate many 
more additional statistical analyses and is beyond the scope of this project. Additionally, 
with NY’s guidance producing subdivided block groups resulting from of its union with 
urban area boundaries, another approach might be utilized so that whole block groups 
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may be compared with whole block groups of different guidelines. For instance, an 
approach similar to that followed by Hibbert et al. (2009) might be employed. That is, if 
a simple majority of the block group was determined to be urban, then the whole block 
group would be classified as urban. Or, a method like the one utilized by Grimm et al. 
(2013) might be utilized. Here a block group would be considered urban if its centroid 
was located in the urban area boundary. Using either of these two approaches would 
make analyses easier between guidelines and would allow for easier understanding of 
comparing direct result counts. However, in an effort to minimize extensive GIS analyses 
for non-GIS experts, the ratio method of area comparisons was deemed an appropriate 
way to count affected populations for NY’s guideline. 
Conclusion 
The overreaching goals of this research were to analyze different geographic 
results of governmental guidelines during EJ analyses. Potential EJ populations were 
identified and compared to one another in SC between the 2000 and 2010 Census years. 
And, it was determined that there were similarities and statistical differences between 
many governmental agency guidelines in addressing potential EJ communities.  
This research demonstrates that there are parallels and variations in 
governmental legislation in identifying potential EJ populations. Here, only six guidelines 
were used for comparison. Many others exist in states like Ohio (Ohio Department of 
Transportation [ODOT] 2015), Virginia (Virginia Department of Transportation [VDOT], 
Pennsylvania (Pennsylvania Department of Environmental Protection [PDEP] 2015), 
Michigan (Michigan Environmental Justice Working Group [MEJWG] 2009) etc., or at the 
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federal level in Regions 2, 6, 10, etc. of the USEPA (2013a, 2013b, and 2010e). 
Additionally, there seems to be both a significant amount of overlap and variation 
between these and the guidelines analyzed in this study. Future efforts may include 
additional state or local guidelines to identify additional differences and/or similarities. 
Or, future efforts may look into analyzing the 1990 Census, the upcoming 2020 Census, 
or years in between using the American Community Survey. 
Is there a single, best guideline in identifying EJ populations? Without additional 
statistical analysis and case study, that question is difficult to answer. It is probably 
some combination of methodology analyzed here or yet to be analyzed. State or area 
specific thresholds should be utilized as to not inflate or dilute results in other areas. For 
instance, are the MA guidelines appropriate for use in SC? Probably, but only if 
thresholds are adjusted to account for SC’s demographic specific populations. 
Regardless of which criteria is utilized in SC, any of these guideline results can be 
utilized with numerous databases when analyzing EJ concerns. Overlaying potential EJ 
areas on a TRI data (USEPA 2015c) and other Facility Registry Service (FRS) sites (USEPA 
2015c and 2015d) would definitely prove useful in any EJ analysis. This sort of 
functionality would be similar to the EJSCREEN (USEPA 2015e) and NEPAssist (USEPA 
2015f) tools provided by the USEPA, only with the more refined potential EJ areas 
delineated. In SC, additional datasets like air regulated facilities, 303(d) assessed 
stations, approved total maximum daily load (TMDL) sites, landfills, fish advisories, etc. 
can be downloaded and utilized from the SCDHEC GIS Data Clearinghouse (SCDHEC 
2015h). Economic outlook and county profiles can be utilized from the SC Department 
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of Commerce (SC Department of Commerce 2015). And, wildlife management areas, 
wetlands, geologic areas, etc. can be downloaded and used from the SC Department of 
Natural Resources (SCDNR 2015). Additionally, airports, railroads, road networks and 
other infrastructure may be utilized from the USC GIS Data Server & Clearinghouse (USC 
2014d). Once the potential EJ areas are identified, examining these sites in conjunction 
with other datasets of interest presents almost unlimited options for analysis. 
In light of these findings, policy makers and scientists may work together to 
identify, and possibly consolidate many different EJ policies into one contextual 
framework for use at the state and federal levels of government. Like business, 
governments have to strike a balance between identifying EJ and non-EJ populations 
correctly and the time and monetary effort it takes to perform these analyses. While it 
might be ideal to identify large EJ areas or populations with some overly conservative 
process, projects may never get approved and completed if the whole state is classified 
as an EJ area of concern. In the end, each federal, state, or local entity must use an EJ 


































































Abbeville 21 21 2 4 2 4 2 4 2 2 7.9 8.9 11 12 
Aiken 101 107 16 22 18 24 18 24 19 24 34.1 46.4 52 70 
Allendale 11 10 10 9 10 9 10 9 10 9 11.0 10.0 9 10 
Anderson 121 125 13 18 15 19 15 19 20 23 28.6 33.3 35 47 
Bamberg 17 17 9 11 10 11 10 11 10 10 14.0 14.8 13 17 
Barnwell 19 20 7 9 9 10 9 10 9 10 13.1 15.0 17 17 
Beaufort 89 112 19 28 21 30 21 30 22 26 21.3 22.3 43 70 
Berkeley 63 100 9 11 12 17 12 17 12 21 20.1 32.4 37 77 
Calhoun 12 12 5 3 7 4 7 4 7 4 11.0 11.0 11 11 
Charleston 212 235 88 88 100 94 100 94 100 94 114.1 108.2 139 142 



























































Chester 31 31 8 9 9 10 9 10 9 10 15.0 18.0 23 24 
Chesterfield 37 33 5 9 6 9 6 9 6 9 21.8 23.0 26 28 
Clarendon 29 30 18 18 19 18 19 18 19 18 23.0 22.0 23 24 
Colleton 32 31 12 11 13 13 13 13 13 13 20.9 20.0 28 25 
Darlington 59 55 23 24 25 26 25 26 23 26 35.7 40.0 44 46 
Dillon 30 28 14 16 14 16 14 16 14 14 22.0 22.9 24 23 
Dorchester 51 67 6 10 10 12 10 12 10 13 17.1 22.1 24 47 
Edgefield 16 19 6 7 9 9 9 9 9 9 11.0 12.0 11 14 
Fairfield 19 18 13 12 14 15 14 15 14 15 16.0 16.8 18 17 
Florence 115 107 35 38 42 43 42 43 41 43 55.3 64.5 71 81 
Georgetown 39 46 15 15 18 17 18 17 18 17 22.4 24.1 26 27 



























































Greenwood 51 49 10 14 11 14 11 14 11 13 19.6 21.4 31 34 
Hampton 15 16 8 8 8 9 8 9 8 9 11.9 12.7 14 15 
Horry 142 149 10 15 11 17 11 17 20 23 27.9 33.3 40 51 
Jasper 14 16 9 9 11 10 11 10 11 10 13.0 12.4 12 15 
Kershaw 41 43 4 3 6 4 6 4 6 4 13.7 16.4 23 29 
Lancaster 47 46 5 8 8 8 8 8 8 8 12.6 18.3 26 29 
Laurens 53 58 9 11 9 12 9 12 10 12 19.7 24.0 32 34 
Lee 17 17 12 12 14 12 14 12 14 12 17.0 16.0 16 15 
Lexington 135 162 9 16 13 19 13 19 20 27 15.7 26.4 38 62 
Marion 32 31 20 22 22 22 22 22 22 21 28.0 28.8 31 30 
Marlboro 29 24 11 12 16 14 16 14 16 13 23.9 20.0 27 24 



























































Newberry 32 31 3 7 3 7 3 7 3 7 14.8 14.0 21 21 
Oconee 50 52 3 2 3 4 3 4 6 6 4.8 14.0 10 12 
Orangeburg 75 74 48 47 50 52 50 52 50 52 64.3 67.5 70 72 
Pickens 66 72 5 10 5 10 5 10 8 11 8.0 16.0 10 19 
Richland 235 245 110 126 121 142 121 142 121 142 130.6 157.0 175 202 
Saluda 16 15 4 7 5 7 5 7 5 5 7.0 8.9 9 11 
Spartanburg 186 195 30 39 33 43 33 43 38 43 40.2 56.8 76 101 
Sumter 63 68 25 34 30 36 30 36 30 36 41.5 45.0 51 64 
Union 29 27 3 5 5 7 5 7 5 6 10.9 12.4 16 17 
Williamsbur
g 
31 32 21 23 22 25 22 25 22 24 27.0 31.0 29 31 






























































































100 100 26 29 30 32 30 32 31 32 41 45 56 63 
2000 EJ 













































































1 2 1 2 1 2 1 1 0 0 NA NA 







0 0 0 0 0 0 0 0 0 0 NA NA 
Some 
Other Race 













































695 713 820 859 820 859 858 889 1094.20 1181.47 NA NA 
Hispanic 
Ethnicity 




167 283 167 283 167 283 144 257 590.00 804 NA NA 
Minority NA NA NA NA NA NA NA NA NA NA 1559 1859 
Low-
Income 
NA NA NA NA NA NA NA NA NA NA 444 644 
English 
Proficiency 
NA NA NA NA NA NA NA NA NA NA 10 95 
Foreign-
Born 
NA NA NA NA NA NA NA NA NA NA 12 NA 
Total EJ 
Comm.* 
757 880 857 970 857 970 897 984 1174.20 1361.47 1589 1933 
 
*Block groups can contain more than one EJ category and are not mutually exclusive. As a result, total EJ communities do not equal 
the sum of the column. 

























































Figure 3.11: 2000 EJ communities delineated using USNRC county  













































Figure 3.19: 2000 and 2010 EJ communities delineated using MA EJ criteria. 
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2000 NY 2000 MA 
2000 
USEPA 
1 0.883314 0.883314 0.833703 0.34279 0.451733 
2000 
USA  











   
1 0.368755 0.536465 
2000 
NY     
1 0.336041 
2000 




















2010 NY 2010 MA 
2010 
USEPA 
1 0.907216 0.907216 0.856574 0.379809 0.45 
2010 
USA  











   
1 0.400717 0.50206 
2010 
NY     
1 0.356599 
2010 





















































ENVIRONMENTAL JUSTICE GUIDELINE COMPARISONS WITH 
FISH CONSUMPTION WATERBODIES 
 
“Put simply, communities of color, low-income communities, tribes, and other 
indigenous peoples depend on healthy aquatic ecosystems and the fish, aquatic plants, 
and wildlife that these ecosystems support.” --Fish Consumption and Environmental 
Justice a Report Developed from the National Environmental Justice Advisory Council 
Meeting of December 3-6, 2001 (USEPA 2002) 
Abstract 
With the signing of Executive Order (EO) 12898 by President William J. Clinton in 1994, 
environmental justice (EJ) finally became a focus of United States (US) federal agencies. After 
years of grass roots efforts and growing out of the civil rights movement, the federal 
government had a directive to identify, address, and mitigate adverse or disproportionate 
burdens/impacts on minority, low-income, and native populations. Toxic release inventory (TRI) 
sites, hazardous waste locations, landfills, brownfields, etc. have traditionally been the focus of 
EJ concern. However, fish consumption advisory waterbodies in the study area of South Carolina 
(SC) are also a concern. Fish consumption advisories are recommendations about what types 
and how much fish to consume, as well as what waterbodies to catch or avoid certain species. 
Therefore, this study attempts to analyze similarities and differences between six governmental 
EJ guidelines and the potential EJ populations they identify. Specifically, identified communities 
were studied in terms of their spatial coincidence with impacted waterbodies in the state in 
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2000 and 2010. Contingency tables, similarity indices, and GIS were utilized to compare and 
contrast governmental guidelines, identified EJ populations, and fish consumption advisory 
waterbodies in SC. As many of the impacted waterbodies and EJ-identified populations in SC are 
located south of Interstate 20, there were no statistical differences observed between agency 
guidelines even when accounting for Census year. Geographically, there were many similarities 
in terms of impacted waterbodies and coincident EJ populations in the state. As there were no 
significant differences between guidelines in this study, recommendations were made to 
identify which guidelines to utilize in SC. 
Introduction 
Environmental justice strives to address discrimination in the environment by 
equalizing both the positives and negatives, or benefits and burdens, of the 
environment (Steady 2009; Stephens 2007; Obiora 1999). It does this by utilizing 
environmental regulations and non-discrimination (Whitman 2001). Environmental 
justice (EJ) attempts to address environmental ills on major sociodemographic divisions 
like race and class, but also culture, values, policies, etc. (Cole and Foster 2001; Bryant 
1995). Initially designed to address unfair environmental treatment of minority and low-
income populations, it has grown in scope to further civil rights and limit discrimination 
often while addressing inequality in the siting of hazardous waste sites or waste dumps 
(Bullard 2014; US Environmental Protection Agency [USEPA] 2010a; Johnson 2009).  
EJ grew out of the civil rights movement and Title VI of the Civil Rights Act of 
1964 (Steady 2009; Kurtz 2007; Cole and Foster 2001). Officially EJ became part of 
national policy when President William J. Clinton signed Executive Order (EO) 12898. As 
a result, EJ was incorporated into all Federal agencies (EO 1994). With this order, all 
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federal programs and initiatives must identify and address any disproportionate or 
adverse impacts on minority and low-income populations (Forrest 2013; EO 1994). 
Additionally, EJ attempts to defend the ideals of fair treatment and the meaningful 
(USEPA 2014a). Fair treatment ensures environmental impacts are not unfair in nature 
(USEPA 2010a, 2010b, and 2010c). When actions have the potential to affect the public, 
meaningful involvement ensures people have a right to participate in decisions that may 
adversely impact them (USEPA 2010a and 2010b). These ideals allow people both equal 
protection and equal voice in environmental concerns (USDOE 2014b; USHHS [United 
States Health and Human Services] 2014).  
Just as hazardous waste sites, landfills, toxic release inventory (TRI) locations, 
nuclear power plants, brownfields, etc. are potential EJ concerns, so are fish 
consumption advisory waterbodies. The USEPA defines fish consumption advisories as 
“recommendations to limit or avoid eating certain species of fish caught from specific 
water bodies” (USEPA 2012). All states and territories have advisories. The South 
Carolina Department of Health and Environmental Control (SCDHEC) further defines an 
advisory as a type and amount of fish that are safe to consume from a listed “lake, 
stream, or river in South Carolina” (SCDHEC 2015e and 2015f). SCDHEC routinely tests 
fish from many different waterbodies for chemical contamination. The most common 
types of chemical contaminants in South Carolina are mercury, polychlorinated 
biphenyls (PCBs), and radioisotopes (SCDHEC 2015f and 2012). Once sampled fish from a 
body of water are found to have contaminants, SCDHEC issues an advisory for that 
waterbody and makes a recommendation of which species can be consumed, and how 
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often, to avoid potential health effects. It is important to note that fish consumption 
advisories are only recommendations about where to limit the consumption of 
potentially contaminated fish (SCDHEC 2015e). Advisories are not designed to eliminate 
fish consumption altogether (USEPA 2012 and SCDHEC 2012). They are intended to aid 
in the decision making process for both recreational and subsistence anglers. 
Fish are important sources of protein and contribute to economic, social, and 
cultural well-being for many Americans (Tyson 2012; Verbrugge 2007). However, bodies 
of water with advisories may become potential EJ sites because of their potential harm 
to the general public consuming contaminated seafood. Compounding the issue is that 
many anglers and people who consume seafood are unaware of fish advisories around 
the country (Tyson 2012; Powell et al. 2009). This is especially true of people of color 
and other minority and low-income populations where differences in ethnicity, race, 
and income affect consumption patterns and reasons for consuming seafood (Burger 
and Gochfeld 2006; Burger 2002; Burger et al. 1999). These groups often utilize and 
depend on fish and other aquatic species more than other groups or the overall 
population (USEPA 2002). Protecting minorities, low-income populations, and Native 
Americans/indigenous peoples is so important, that it is a component of the EJ review 
process in the National Environmental Policy Act (USEPA 2002). Therefore, in order to 
understand the relationship between consumption habits and affected populations, it is 
necessary to analyze potential EJ population areas and whether impacted waterbodies 
are coincident to them. This screening-level process is an important first step identifying 
potential EJ populations that may need more targeted outreach.  
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Study Area 
South Carolina (SC) was chosen as a study area for this research because of its 
diverse landscapes. With an approximate coastline of 187 miles and land area of 31,113 
square miles, SC is covered by mountains, forests, sand hills, agriculture, extensive 
beaches, and urban and rural landscapes (SC Parks, Recreation, & Tourism [SCPRT] 2012; 
Kovacik and Winberry 1987). More importantly, SC has many rivers, lakes, ponds, and 
coastal habitats (Figure 4.1). From these waterbodies, there is a potential for recreation 
and fishing. With a population increase of 4,012,012 to 4,625,364 between 2000 and 
2010 (United States Census Bureau [USCB] 2014a and 2014b), SC has become a 
stimulating place to study socio-demographics and their bearing on water resources and 
fish consumption advisories.  
Current fish advisory maps and listed waterbodies can be found at SCDHEC. 
These listings provide the name of the body of water, a visual of the reach of impacted 
water, the affected aquatic species, and consumption recommendations (SCDHEC 
2015g). Advisories for 2000 and 2010 are shown in Figures 4.2 and 4.3 respectively. 
Aims & Hypotheses 
As part of this research, two null hypotheses were tested under a general 
specific aim (SA). The overreaching SA of this investigation was to analyze potential 
guideline-identified EJ populations and coincident fish consumption advisory 
waterbodies. Specifically, impacted bodies of water in SC and their relationship with 
governmental guideline-identified EJ populations were analyzed. These relationships 
were also compared over time. Census years of 2000 and 2010 were analyzed in this 
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endeavor as they correspond to substantial population growth in SC. When guidelines 
were compared to each other, and compared over a ten year period, it was expected 
that different guidelines would yield different proportions of coincident impacted 
waterbodies. It was also thought that guidelines identifying the highest numbers of EJ 
populations with impacted waterbodies would remain the same guidelines over the ten 
year timeframe.  
Therefore, two corresponding null hypotheses were put forth under this SA. The 
null hypothesis, of no significant relationship amongst governmental agency guidelines 
in identifying EJ communities containing fish consumption advisory waterbodies, was 
analyzed and tested first. Tested second was the null hypothesis of no significant 
relationship between governmental agency guidelines in identifying EJ communities 
containing fish consumption advisory waterbodies between the two census periods of 
2000 and 2010. 
Methods 
Overall, the objective of this endeavor was to analyze whether various EJ 
guideline-identified populations contain fish consumption advisory waterbodies and 
determine if identified population types remain consistent in containing impacted 
waterbodies over time.  Specifically, EJ communities in the study area having advisory 
waterbodies were identified for Census years 2010 and 2000. Similarities and 
differences were analyzed using a similarity analysis of identified populations, while 
statistics were run to determine if any significant relationship existed between the EJ 
guideline-identified communities and impacted waterbodies. 
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At present, a single overreaching EJ guideline for analyzing potentially impacted 
populations does not exist (USEPA 1999a). Until such a unifying recommendation or law 
is developed, federal and state agencies will continue to utilize their own various 
guidelines in identifying potential EJ communities and mitigating any environmental 
concerns. For this effort, three United States (US) and two state government agency 
guidelines were analyzed. Despite having an EJ program, the study area of SC does not 
have an official set of guidelines to identify potential EJ populations. Instead the state 
relies on self-identification of EJ populations (Whittle and Sprayberry 2011). To compare 
with federal criteria, additional EJ guidelines were chosen from two states where 
documentation was plentiful and easily understandable.   
To start, agencies with influential roles in the state of SC were chosen. These 
agencies were the US Environmental Protection Agency, US Department of Defense (US 
Army), and the US Nuclear Regulatory Commission. Responsible for enforcing 
environmental policy and protecting human health, the US Environmental Protection 
Agency (USEPA) is also tasked with reducing environmental hazards, risks, and/or 
impacts (Good 2014; USEPA 2014b, 2010d, and 2004). Protecting the environment and 
human health from radioactive materials and nuclear reactor processes, licensing 
atomic sites, and decommissioning and disposal of facilities and waste (respectively) are 
the responsibilities of the US Nuclear Regulatory Commission (USNRC) (USNRC 2014a, 
2014b, 2012, 2004a, and 2003). Defending the nation’s security, interests, and territory 
are the chief duties of the US Army (USA) under the Department of Defense (DOD) (USA 
2012, 2011, and 2007). Each agency, under its NEPA obligations, must analyze any 
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potential minority and low-income populations, address EJ concerns, and examine 
potential environmental impacts (USNRC 2004b; Code of Federal Regulations [CFR] 
2002); USEPA 1999b; US DOD [USDOD] 1996). To compare with federal guidelines, the 
states of New York and Massachusetts were utilized because of their ample EJ 
documentation. In New York (NY), the Department of Environmental Conservation 
(NYDEC) handles environmental concerns and public health issues (DeJesus 2015; 
NYDEC 2013). Under its Commissioner Policy 29 (CP-29), NYDEC’s Office of 
Environmental Justice addresses EJ impacts on minority and low-income populations 
(NYDEC 2012a, 2003a, and 2003b). In Massachusetts, environmental/energy/natural 
resources and public health are the providence of the Executive Office of Energy and 
Environmental Affairs (EOEEA) (Suberg and Reid 2014; EOEEA 2013). Addressing 
minority/low-income environmental burdens and increasing investment in EJ 
communities are its main endeavors (Suberg and Reid 2014; The Environmental Justice 
Policy of the Executive Office of Environmental Affairs [EJPEOEA] 2012a; EOEEA 2012).  
To identify potentially impacted (EJ) populations, each agency follows its own set of 
guidelines. While some guidelines are similar and have comparable lineages, others are 
quite different. Therefore, each will be explored briefly. 
Normally, the USEPA utilizes the Environmental Justice Guidance Under the 
National Environmental Policy Act to identify potential EJ populations (Council on 
Environmental Quality [CEQ] 1997). As the study area of SC falls within the purview of 
USEPA’s Region 4, its Interim Policy to Identify and Address Potential Environmental 
Justice Areas (USEPA 1999a) for recognizing potential EJ communities was utilized. In 
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Region 4, minority or low-income EJ populations are identified when they exceed 1.2 
times the state average for that minority/low-income category (USEPA 1999a). Affected 
EJ populations include Black or African American races; American Indian and Alaskan 
Native races; Asian race; Native Hawaiian and Other Pacific Islander races; Multiracial 
(Two or More Races); Some Other Race; Aggregate of Races; Hispanic ethnicity; and/or 
Low-income households categories. Similar potential EJ communities are utilized by the 
USA. Here, potentially impacted minority and low-income populations must be 
identified by the USA under NEPA (DOD 1995). Minority and low-income EJ communities 
exist when they comprise 50% or greater of the Census Block Group population or 
comprise a disproportionate percentage (20% or greater than the state average) (Canter 
et al. 2007). Also under NEPA, the USNRC must analyze minority and low-income 
populations in categories similar to the USEPA and USA. And, like the USEPA and USA, 
Census Block Groups are examined for potential EJ populations by the (USNRC 2004a 
and 2003). However, unlike the USA, the USNRC may analyze and compare communities 
to state and county population averages. Here, significant EJ populations are present if 
50% or greater of the block group is minority/low-income. Significant populations are 
also present if the minority/low-income population is 20% or greater than the state or 
county (depending on which USNRC guideline is utilized) average (USNRC 2004a and 
2003). Therefore both state and county average comparisons were run in two separate 
analyses under the USNRC guidelines. 
In NY, the NYDEC’s Office of Environmental Justice identifies Potential 
Environmental Justice Areas (PEJAs) as Census Block Groups reaching certain numeric 
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thresholds (NYDEC 2011). PEJAs are highlighted when 51.1% or greater minority 
populations in urban areas, 33.8% or greater minority populations in rural areas, and/or 
23.59% or greater low-income households in either urban or rural areas are identified 
(NYDEC 2012b, 2011, and 2003b). NY’s minority groups are identical to the USEPA, USA, 
and USNRC. However, in MA, the EOEEA utilizes a slightly different approach. EJ 
populations in MA are based on minority classification, income, English proficiency, and 
foreign birth status (EJPEOEA 2012b). Here block groups are defined as potential EJ 
communities when they are 25% or greater minority/ethnic; 65% or less of the state 
median household income; 75% or less English proficient; and/or 25% or greater born 
outside the US (EJPEOEA 2012a and 2012b; MassGIS 2003). It is important to note that 
all agency guidelines were identical between 2000 and 2010 except for MA. In 2010, the 
MA guideline, available on MassGIS’ website, identifies only minority populations, 
income, and English language isolation despite no changes in the law (Suberg and Reid 
2014; MassGIS 2012). 
After the EJ guidelines were studied, potential communities were identified in 
Microsoft Access. Here data queries were utilized to extract EJ populations from the 
general Census population datasets. In ArcGIS® 10.1 queried Census data was then 
joined to Census Block Group feature classes in order to interpret the data and display 
the results. This was done for both Census 2000 and 2010 data. Once EJ populations 
were delineated, ArcGIS® 10.1 was utilized to determine if any of the communities had 
fish consumption advisory waterbodies located within their boundaries. As EJ 
populations and environmental hazards both have a spatial component, a spatial 
107 
coincidence analysis was performed. Such methods are often utilized to identify hazards 
within Census boundaries and assume potential exposure (to impacted waterbodies in 
this research) (Chakraborty et al. 2011). These procedures have been used to identify 
TRI facilities, Superfund sites, leaking underground storage tanks (LUSTs), etc. (Burwell-
Naney et al. 2013; Wilson et al. 2013; Maranville et al. 2009; Sheppard et al. 1999). A 
simple presence/absence procedure was undertaken. This was done by selecting EJ 
block groups with impacted waterbodies by location. For every guideline and associated 
EJ subdivision (e.g., African American, Low-income, etc. categories), EJ block groups 
were selected based on the presence of impacted waterbodies. EJ-defined populations 
either contained a waterbody with a fish advisory or not.  
Next, qualitative and quantitative analyses were run on these EJ populations. 
Using the 2000 Census year and then the 2010 year, the guideline results were analyzed 
qualitatively in terms of geography. This entailed making observations of the results 
within the study area and then describing what was seen (Berg 2004). Two sets of maps 
were created to highlight the results. State-wide EJ community maps (all minorities, low-
income, etc. categories with fish advisories) were displayed for each Census year per 
guideline. Then, single maps displayed both EJ result years in one figure per guideline to 
highlight where similarities and differences were located. Specific EJ community results 
were displayed on individual maps (e.g., Asian EJ communities, or Hispanic ethnicity EJ 
communities, etc. categories). EJ community specific maps were also displayed for each 
Census year of results. Specific communities in 2000 were displayed next to community 
results in 2010. These figures displayed the locations of where fish advisories were 
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located in SC. They also showed which locations had associated EJ communities. 
Comparisons were made and similarities/differences were noted. 
Then results were analyzed quantitatively. First, potential EJ communities with 
impacted waterbodies were counted numerically. Tallies were made by guideline for 
total numbers of EJ communities with fish advisories and then by number of EJ 
categories (e.g., African American, Hispanic, Low-income, etc. categories with fish 
advisories). Using an ordinal scale, the results were simply ranked (Freund and Wilson 
1997). This was done for both 2000 and 2010 results. The simple ranking was designed 
to demonstrate the highest number of EJ communities delineated by guideline. Ranks 
were compared within the Census year and between the two Census years to determine 
if guidelines remained consistent in identifying EJ populations with impacted 
waterbodies.  
After tallies and ranks were made, statistical analyses were performed. 
Contingency tables were created in SAS statistical software to test for significant 
relationships between guideline results. Contingency tables were utilized because the 
variables were categorical in nature. Specifically, the guidelines (or explanatory 
variables) are nominal categorical variables, while the response variables are binary in 
makeup (EJ communities with fish advisory waterbodies or EJ communities without fish 
advisory waterbodies). Here the relationship strength between observed and expected 
frequencies is provided by the chi-square statistic (Portney and Watkins 2009; Everitt 
1992).  
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In SAS, the Proc Freq command was utilized to test the null hypotheses. 
Command-line coding structure, provided by Stokes et.al (2000 and 1995), was utilized 
to create two-way contingency tables. Under the “tables” statement, the “chisq” option 
was employed to test for data independence (Delwiche and Slaughter 2012). Using SAS, 
three separate chi-square analyses were run. To test if guidelines were mutually 
exclusive of each other, the Proc Freq command was implemented separately for both 
Census timeframes. The Proc Freq command was employed on the pooled dataset (2000 
and 2010 data combined) to determine if Census year was significant. To detect 
differences in repeated measurements (2000 and 2010 were considered repeated 
measurements), the Cochran-Mantel-Haenszel (CMH) test was utilized (McDonald 
2014). Therefore, to determine if there were no significant differences between the 
guidelines over time, the “cmh” option under the Proc Freq command was used 
following procedures outlined by Stokes et.al (2000 and 1995). 
Similarity analyses were run next. Jaccard’s similarity index (Jaccard 1908) was 
utilized to analyze the similarity between EJ guideline results having impacted 
waterbodies or not. The simple equation J = C/(A + B – C) was used for this analysis. In 
the equation, C represents the number of attributes in common between guidelines a 
and b, while A signifies the number of features in a and B denotes the number of 
features in b (Real 1999; Real and Vargas 1996). Because of its simplicity and ease of 
use, Jaccard’s similarity index was chosen to test the positive occurrences between EJ 
guidelines. It was also chosen because of its acceptance and use in a variety of fields 
including predator/prey relationships (Gao 2013), biological systematics (Aldenderfer 
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and Blashfield 1984), species relations (Real 1999), and even criminal activities (Lee 
2013) and arson behavior (Ellingwood et al. 2013). 
Three matrices were created using Jaccard’s similarity index to compare the EJ 
guideline results (with/without impacted waterbodies). The first two matrices compared 
similarity indices for 2000 and 2010 results, respectively. The third matrix presented 
similarity indices between the 2000 and 2010 guideline results. To populate Jaccard’s 
index, EJ guideline results and populations in common between guidelines were 
extracted using ArcGIS® 10.1. The C value in the equation was found using an attribute 
join in ArcGIS®. Using the common identifiers, BKGPIDFP00 for 2000 and GEOID10 for 
2010, matching records were found via the attribute joins between guidelines used in a 
and b. This methodology was employed for all guidelines, except the NY State criteria 
results. As the NY results consisted of many partial block group results (instead of all 
whole block groups), a series of relates were utilized in ArcGIS® to yield appropriate C 
values. The one-to-many relationship of the block group pieces and their associated 
identifiers proved ideally suited for the relate command. By using a ratio of before and 
after areas for each block group piece, a definition query was written to select out ratios 
equal to one. A whole block group is indicated by the ratio of one. Then, block groups in 
the other guidelines were “related” to the whole block groups in the NY guideline; any 
identical block groups were tallied in the EJ ratio column and utilized in the C part of the 
equation. Matrices were then populated in a spreadsheet with the A, B, and C values 
and Jaccard’s similarity index was applied. 
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To compare year 2000 with 2010 results, a different methodology was used than 
when comparing results in the same year. Here a total area method was employed. 
Areas instead of counts were utilized because the number of block groups increased 
over then ten year period. Population increases, block groups increased in number, and 
boundaries were changed and/or subdivided. As a result, many block groups could not 
be geographically compared directly with their predecessors. Instead areas were used 
for each EJ guideline result. EJ block groups with impacted waterbodies were converted 
from multiple polygons to one single polygon using the dissolve feature in ArcGIS®. This 
was done for each set of Census year results analyzed. Areas were then calculated for 
each dissolved polygon. These represented the new A and B values in Jaccard’s similarity 
index. Results from the same guideline (2000 and 2010) were then intersected in 
ArcGIS®. This created a polygon of overlapping areas; the intersected area was then 
calculated and used as the C value in Jaccard’s index. These areal results were then 
utilized in the third matrix and placed into Jaccard’s equation. 
Results 
The number of EJ communities (Census Block Groups) ranged from 757 to 1589 
in 2000 and 880 to 1933 in 2010. Table 4.1 highlights these totals from the various EJ 
criteria analyses (e.g., USEPA, USA, USNRC state average, USNRC county average, NY, 
and MA guidelines). Identified EJ populations coincident with fish consumption 
waterbodies are shown in Table 4.2. These EJ populations are summarized by county. 
From 2000 to 2010, the number of EJ block groups increased. In 2000, the total number 
of block groups identified as having EJ communities, while also being coincident to 
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impacted waterbodies ranged from 168 to 337. Those numbers varied from 204 to 436 
in 2010. The percentage of EJ populations identified as having impacted waterbodies 
ranged from 21.2% to 24.9% for the two time periods. MA guidance-identified EJ 
populations having coincident fish advisory waterbodies consistently ranked higher 
(ranked one) in terms of block group counts, while USEPA guidance-identified EJ 
populations ranked lowest (ranked five) for each Census year. Figures 4.4 through 4.21 
display EJ populations (by governmental guideline) coincident with fish consumption 
advisory waterbodies. For each guideline, years 2000 and 2010 are shown individually. A 
composite of 2000 and 2010 results, by guideline, shows similarities and differences of 
where populations are located in the state. EJ populations shown in Table 4.3 represent 
the different classes of EJ communities (e.g., Asian race, Hispanic ethnicity, Low-income 
household, etc. categories). Table 4.3 displays each guideline and class by year. The 
African American race, Aggregate of Races, and Low-income household categories 
display EJ populations with impacted waterbodies as having the highest numbers in the 
state. The categories of American Indian and Alaskan Native races, Some Other Race, 
and Hispanic ethnicity exhibited much lower numbers of EJ populations with impacted 
waterbodies. No populations were found containing Asian race, Native Hawaiian and 
Other Pacific Islander races, and Two of More Races categories with impacted 
waterbodies. Appendix B contains Figures B.1 through B.64, which display specific EJ 
population breakdowns with impacted waterbodies by year.  
Contingency tables were utilized to realize the relationship between the 
governmental EJ guidelines and populations identified with fish consumption advisory 
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waterbodies. Chi-square statistics were run for 2000 and 2010 separately in order to 
determine if year contributed individually to the relationship. Then, chi-square statistics 
were run on the pooled 2000 and 2010 dataset. The year 2000 dataset yielded a chi-
square statistic of 2.4034 with a p-value of 0.7910. Year 2010 yielded a chi-square 
statistic of 3.9320 with a p-value of 0.5593 in SAS. By using the Proc Freq command with 
“cmh” option in SAS, results were controlled by year. This produced a general level of 
association Cochran-Mantel-Haenszel Statistic of 5.8709 with a p-value of 0.3190. All 
three contingency tables had five degrees of freedom.  
Three similarity matrices with associated coefficients were constructed to show 
how different guideline- identified EJ populations with impacted waters paralleled each 
other. Tables 4.4 through 4.6 represent the various values for the similarity indices. 
Table 4.4 compares year 2000 guideline results, while Table 4.5 compares year 2010 
results. Table 4.6 compares 2000 guideline results with those of 2010. In Table 4.4, 
values range 1 to 0.316194, while in Table 4.5, values run from 1 to 0.350224. And in 
Table 4.6, values range from 0.629408 to 0.763975. It seems higher Jaccard coefficients 
are present in Tables 4.4 and 4.5 for the USEPA, USA, and USNRC guidelines; in these 
tables, NY and MA have lower coefficients. While coefficients are lower in Table 4.6, 
they still appear to present in the 0.7 range for the USEPA, USA, and USNRC guidelines. 
However, the lowest coefficient present appears to be for the NY guideline, while the 





Qualitative and Quantitative Discussion 
Over the ten year period from 2000 to 2010, the number of EJ populations 
increased with the increase in state population. And with the increase in EJ communities 
over this timeframe, there was an increase in the number of EJ communities with fish 
consumption advisory waterbodies. The MA guidance identifies the greatest number of 
block group communities in both Census years having impacted waterbodies. The 
USEPA had the lowest number of identified block groups with the NY guidance, the 
USNRC guidelines, and those of the USA in between. The NY and MA guidelines address 
additional population characteristics like urban/rural areas, language, etc. at different 
thresholds. These different, and in many instances lower, thresholds more than likely 
account for increases in total identified populations. Interestingly, while the number of 
EJ populations with impacted waterbodies increased in the ten year period, their 
percentage of the total EJ population remained fairly consistent in low 20% range. In 
fact, the percentage of EJ populations with impacted waterbodies did not change more 
than roughly two percent. This may indicate a relatively stable rate of EJ community 
growth associated with impacted waterbodies. It may also indicate that while total EJ 
populations increased, the total EJ populations with fish advisory waterbodies increased 
at relatively the same rate. 
Charleston, Beaufort, Clarendon, Georgetown, Jasper, Orangeburg, Richland, and 
Williamsburg Counties have the highest numbers of EJ-identified block groups with 
impacted waterbodies. Counties like Chester, Cherokee, Greenwood, Greenville, 
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Laurens, Newberry, Union, York, etc. tend to have low or no EJ-identified block groups 
with impacted waterbodies. Overall, most EJ populations fish advisories are located in 
the southern part of SC. Specifically, most are located south of Interstate 20. This 
follows as most EJ populations in the state are located south of Interstate 20. But more 
importantly, most fish consumption advisory waterbodies are located south of 
Interstate 20 and the Fall Line. The guideline result figures confirm this. These maps also 
confirm that there are higher densities of EJ populations with impacted waterbodies, 
particularly south of Interstate 20 when comparing the NY or MA guidelines to the 
USEPA, USA, and/or USNRC guidelines. And while the numbers of EJ populations with 
impacted waterbodies increase when comparing this same relationship, the total 
numbers north of Interstate 20 never quite match the numbers to the south. 
While most of the impacted waterbodies in the state exist below the Fall Line, it 
is important to note that many of these are impacted by mercury. Even though mercury 
can be released into the environment via medical waste, the burning of coals, waste 
incineration, etc., it is naturally occurring through sediments, rock, volcanoes, 
atmospheric deposition, etc. (USGS 2000). The Fall Line is essentially the geologic 
boundary or division of SC between the Piedmont and coastal plain areas of the state; 
the coastal plain includes many swamps, wetlands, marshes, etc. (US Department of 
Interior [USDOI] 2008). With its unique sediment geology, the lower half of SC tends to 
have more mercury impacted waterbodies. Mercury, in the form of methylmercury, may 
accumulate in fish species that inhabit waterbodies that are low in pH and high in 
sediments (USGS 2000). Mercury can be methylated in many of these waterbodies by 
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sulfate-reducing and other sediment-related bacteria (Fleming et al. 2006; Compeau and 
Bartha 1985). This may result in bioaccumulation and bio-magnification of mercury in 
fish species living in these waters (or up the food chain to humans) (Syversen and Kaur 
2012). As a result, these waters south of the Fall Line tend to be impacted with higher 
levels of mercury. In turn, with more impacted waterbodies, this area of the state 
tended to have higher numbers of EJ block groups associated with fish consumption 
advisory waters. 
In analyzing the different EJ categories, the Aggregate of Races group had the 
highest numbers of EJ block groups with impacted waterbodies. Next, the African 
American race category made up the largest number of EJ block groups in the state. 
Then, the Low-income and Hispanic ethnicity categories followed. The Some Other Race 
and American Indian and Alaskan Native races groups come in fifth and sixth in terms of 
block groups identified. The Native Hawaiian and Other Pacific Islander races and Two of 
More Races categories did not have any EJ-identified populations with impacted 
waterbodies. These results are directly related to most EJ populations with impacted 
waterbodies being located south of Interstate 20. 2000 and 2010 American FactFinder 
summaries highlight the general population numbers seen here with more African 
Americans being in SC than any other ethnic or minority group (USCB 2014a and 2014b). 
As the MA guidance did not break down race, its minority block group numbers (EJ 
populations having impacted waterbodies) were more than four times greater than it’s 
identified Low-income communities. MA’s identified English proficiency and foreign-
born status populations resulted in low numbers. 
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Statistically, the relationship between the six EJ guidelines and the number of EJ-
identified communities with fish consumption waterbodies were analyzed using 
contingency tables in SAS. When analyzed for years 2000 and 2010 separately, the 
outcome failed to reject the null hypothesis. Analyzing a composite of the 2000 and 
2010 data using the “cmh” test also resulted in a fail to reject the null hypothesis. These 
results indicate that there are no significant differences between the EJ guidelines in 
identifying EJ populations containing impacted waterbodies. There are also no 
significant relationships or differences when accounting for year. Census year does not 
seem to impact the identification of EJ populations (by the different guidelines) 
containing fish consumption advisory waterbodies. 
Next, similarity analyses were explored. In the 2000 and 2010 matrices, the 
USEPA, USA, and both USNRC criteria appear to be more similar to each other than to 
the NY and MA guidelines. The USA and USNRC state average results are created using 
identical guidelines, thus they produce a perfect Jaccard Index of one. Both USNRC 
guidelines appear to yield similar coefficients. This is likely the result of being produced 
from more similar guidelines to each other than to the other guidelines. The NY and MA 
guidelines/results appear to be less similar to both each other and the other guidelines; 
the NY guideline appears to be the least similar to any of the other guideline. These 
similarity patterns are consistent for both Census years. When comparing between 
years, the NY guideline appears to be the least similar with itself, while the MA guideline 
appears to be the most similar with itself. Other guidelines range between these results. 
This may be due to the threshold numbers and different breakdown of identified 
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populations being impacted differently between the Census years. In other words, the 
urban/rural differences in the NY guideline and the minority, low-income, language, etc. 
groupings in the MA guideline may produce less similar comparisons for the NY 
guidance and more similar numbers for the MA guidance over the years. 
General Discussion 
Of note is that while there are no statistical differences between guidelines 
within year and between years, there are differences in the numbers and arrangement 
of block groups between 2000 and 2010. Resulting from population growth and 
associated redistricting, the number of block groups, the size of block groups, and their 
shapes, changed between the 2000 to 2010 Census years. This led to 2000 block groups 
being present in the Savannah River Site boundary as well as extending into the ocean. 
This indicates populations where there are none. In 2010, both issues seem to be 
corrected. Although block groups changes are accounted for in daily Census analyses, it 
does make yearly comparisons a little more difficult. For instance, Jaccard’s Similarity 
Index utilized areal analyses for different year comparisons to account for block group 
changes. By not counting distinct EJ populations, it does allow for common areas to be 
addressed in the similarity matrix. While not strictly a limitation, it does require a 
slightly different way to evaluate similarity analyses.  
Other limitations are worth mentioning. Contingency tables do not specifically 
address where the differences, if any, occur between the guidelines. Because no 
differences were detected in this analysis, all the guidelines produced similar 
proportions of impacted populations. While no differences detected are just as 
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important as finding dissimilarities, it does lead to one major comment about choosing a 
guideline for future analysis at the government or NEPA consulting level. That is, minus 
any difference, the choice may be to go with the guideline that requires the least 
amount of time and effort to yield analysis results. If that were the deciding factor, then 
the USEPA guideline was by far the easiest and quickest to utilize. As there are no real 
differences between the guidelines analyzed in this effort, several EJ criteria are 
recommended. It is recommended that the USA or USNRC (county or state average) 
guidelines be utilized to identify EJ populations having impacted waterbodies in SC. All 
three provide more “coverage” than the liberal USEPA guideline, but provide more 
areas for “opportunity” than the conservative NY and MA approaches. 
In addition, EJ block groups were identified based on presence or absence of 
impacted waterbodies. Non-EJ block groups were not identified in this analysis for 
presence/absence of fish consumption waterbodies. The thinking was that only EJ block 
groups would be analyzed for presence/absence of impacted waterbodies for follow-on 
research to this more screening-level analysis. Specifically, potentially impacted EJ 
communities with fish consumption advisory waterbodies could be targeted for further 
research and hazard communication research. These EJ populations would then be 
studied to determine if they consume any potentially harmful aquatic species. If they 
do, they may be included in education and outreach endeavors to address the 
positives/negatives/alternatives to eating contaminated fish. Getting anglers involved in 
decision-making processes and understanding their fishing habits (how they fish, why 
they fish, and how they cook their catch) are important steps to effective risk 
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assessments (Burger 2000 and 1998). These EJ areas may also become the focus of 
increased hazard communication efforts. These may include increased signage at fishing 
sites (boat ramps, bridges, landings, etc.) or along waterbodies. Or, they may include 
addressing fishing clubs, churches, schools, or other community centers. By identifying 
potential EJ communities in a screening-level analysis, targeted populations could be 
recognized for enhanced risk management programs. Identifying who fishes, where they 
fish, and what species are caught and consumed, would allow populations to be 
targeted for intervention activities and outreach (Bay Area Clean Water Agencies and 
the Western States Petroleum Association 2010). This is especially important in areas 
with demographic change. Understanding an evolving community structure, fishing 
practices, culture, etc. allows for better collaboration with potentially impacted 
populations (Burger et al. 2010).  
Other limitations include the fish consumption advisory waterbodies themselves. 
Specifically, impacted waterbodies are dynamic with additions and deletions being 
addressed every year. Dr. Glover (2015) mentions that increased sampling efforts or 
amendments to advisory or sampling criteria may account for changes in waterbody 
advisories between 2000 and 2010. Generally, larger waterbodies are sampled, but 
smaller aquatic systems may also pose some risk. Many small streams, ponds, and 
isolated or private waterbodies may not be accounted for in the list of advisories due to 
sampling protocols, access, and/or money. In addition, many waterbodies have an 
advisory when only one species out of many is impacted. Or, a body of water is not 
listed when it has the same impacted species as an impacted waterbody elsewhere in 
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the state (Glover 2015). So, caution and common sense must be utilized when analyzing 
fishing advisories. More importantly, care must be taken when looking at fish advisories 
at different points in time. Just because there is not an advisory for a body of water, 
does not mean there should be no advisory (Glover 2015). Not all waterbodies are 
sampled every year and lack of funding often limits the number and location of species 
sampled; as a result, there may not be enough data in any given year for SCDHEC to 
make an advisory (SCDHEC 2015e). 
Conclusion 
Identifying EJ populations by itself is a valuable tool for not only planning, but 
also in helping mitigate existing environmental concerns. To target potentially at risk 
communities for environmental hazard and risk communication is a tenant of public 
health and a “responsibility for public officials” (Derrick et al. 2008). A geographic 
information system (GIS) is a great tool for identifying potential populations and 
hazards, however, it is only as good as the data being used (Maantay 2002). GIS analyses 
enable a screening level assessment. Once potentially affected populations are 
identified, they must be investigated by a more in depth level of analysis. By identifying 
at risk populations, interviewing them, and studying their consumption patterns, more 
focused fish advisories may be utilized in place of generic advisories that may limit 
unnecessarily, the consumption of uncontaminated fish and the healthy benefits they 
convey (Arnold et al. 2005). 
In the state of SC, various governmental EJ guidelines were applied to Census 
2000 and 2010 data. These results were then analyzed geographically for links to 
122 
impacted waterbodies. Specifically, guideline-identified EJ populations were analyzed in 
terms of being spatially coincident with fish consumption waterbodies. Theses EJ 
populations were then analyzed over the ten year period of 2000 to 2010. Spatially, 
there were many similarities. Statistically, there were no significant differences between 
governmental agency guidelines in identifying potential EJ communities with impacted 
waterbodies.  
The three EJ guideline options outlined in the Discussion would seem to bridge 
the gap between the needs and wants of business in moving forward with projects in a 
NEPA atmosphere and the protection afforded by the government. Often it is a fine line 
between protecting too little and guarding too much. And this is often the difference 

























Table 4.1: Total EJ communities by guideline. 
 
























































Table 4.2: EJ block group results by county and guideline coincident with fish consumption advisory waterbodies by year. EJ 











































Abbeville 1 1 1 1 1 1 1 1 2.00 3.00 2 2 
Aiken 1 2 1 2 1 2 2 2 6.73 7.59 11 12 
Allendale 4 3 4 3 4 3 4 3 4.99 3.99 4 4 
Anderson 0 0 0 0 0 0 1 0 1.95 0.84 2 3 
Bamberg 4 7 5 7 5 7 5 6 8.90 10.72 8 13 
Barnwell 2 4 4 4 4 4 4 4 5.00 5.00 6 5 
Beaufort 13 16 14 17 14 17 14 15 18.14 15.86 32 46 
Berkeley 9 8 11 10 11 10 11 11 13.76 16.56 19 21 
Calhoun 0 0 2 0 2 0 2 0 2.00 5.00 2 5 
Charleston 28 24 32 25 32 25 32 25 37.45 34.29 46 50 
Cherokee 0 0 0 0 0 0 0 0 0.00 0.00 0 0 
Chester 0 0 0 0 0 0 0 0 0.00 0.00 0 0 
Chesterfield 1 2 1 2 1 2 1 2 1.99 2.99 3 4 
Clarendon 10 11 10 11 10 11 10 11 11.63 12.66 13 14 
Colleton 6 7 7 8 7 8 7 8 12.95 12.78 16 17 
Darlington 2 2 2 2 2 2 2 2 4.00 5.46 5 5 
Dillon 6 8 6 8 6 8 6 6 10.75 12.64 13 14 
Dorchester 1 3 1 3 1 3 1 3 5.00 10.00 5 12 
Edgefield 0 0 0 0 0 0 0 0 0.00 0.00 0 0 
















































Florence 7 6 8 7 8 7 7 7 12.83 16.83 16 19 
Georgetown 8 9 10 9 10 9 10 9 10.89 13.85 14 16 
Greenville 0 1 0 1 0 1 0 1 0.00 1.00 0 2 
Greenwood 0 0 0 0 0 0 0 0 0.00 0.00 1 0 
Hampton 4 5 4 5 4 5 4 5 5.98 6.98 5 7 
Horry 4 6 5 7 5 7 7 9 8.96 9.73 15 21 
Jasper 8 7 9 8 9 8 9 8 10.86 10.32 11 13 
Kershaw 2 1 2 1 2 1 2 1 5.06 4.45 7 8 
Lancaster 0 0 0 0 0 0 0 0 0.00 0.00 0 0 
Laurens 0 0 0 0 0 0 0 0 0.00 0.00 0 0 
Lee 5 5 5 5 5 5 5 5 4.95 5.90 5 6 
Lexington 0 3 0 3 0 3 0 5 0.00 3.24 0 6 
Marion 4 5 6 5 6 5 6 4 8.94 8.96 10 10 
Marlboro 2 3 2 3 2 3 2 3 6.80 6.99 8 8 
McCormick 0 0 0 0 0 0 1 0 1.00 0.00 1 1 
Newberry 0 0 0 0 0 0 0 0 0.99 1.00 2 2 
Oconee 0 0 0 0 0 0 0 0 0.00 6.00 0 1 
Orangeburg 9 20 10 23 10 23 10 23 15.97 36.49 17 39 
Pickens 2 3 2 3 2 3 2 3 2.00 3.81 2 4 
Richland 6 10 6 13 6 13 6 13 6.00 14.27 7 15 
Saluda 0 1 0 1 0 1 0 0 1.00 1.00 1 1 
Spartanburg 0 0 0 0 0 0 0 0 0.00 0.00 0 0 
















































Union 0 0 0 0 0 0 0 0 0.00 0.00 0 0 
Williamsburg 13 13 14 14 14 14 14 13 16.97 16.95 17 17 
York 0 0 0 0 0 0 0 0 0.00 0.00 0 0 
  
            
Total # of Block 
Groups: 168 204 191 219 191 219 195 216 277.41 339.56 337 436 
Percentage of 
Block Groups: 22.2 23.2 22.3 22.6 22.3 22.6 21.7 22.0 23.6 24.9 21.2 22.6 


































Table 4.3: EJ guideline-identified populations coincident with fish consumption advisory waterbodies by year. 
 
 

















Race 0 1 0 1 0 1 0 0 0 0 NA NA 






Race 0 0 0 0 0 0 0 0 0 0 NA NA 
Some 
Other Race 2 3 2 3 2 3 2 2 0 1 NA NA 
Two or 
More 
Races 0 0 0 0 0 0 0 0 0 0 NA NA 
Aggregate 
of Races 158 162 186 193 186 193 190 197 266.48 295.12 NA NA 
Hispanic 




















Household 29 54 29 54 29 54 21 42 124.10 184.26 NA NA 
Minority NA NA NA NA NA NA NA NA NA NA 332 422 
Low-
Income NA NA NA NA NA NA NA NA NA NA 72 122 
English 
Proficiency NA NA NA NA NA NA NA NA NA NA 4 12 
Foreign-
Born NA NA NA NA NA NA NA NA NA NA 5 NA 
Total EJ 
Comm.* 168 204 191 219 191 219 195 216 277.41 339.56 337 436 
 
*Block groups can contain more than one EJ category and are not mutually exclusive. As a result, total EJ communities do not equal 
the sum of the column. 






Figure 4.4: 2000 EJ communities coincident with fish consumption  




Figure 4.5: 2010 EJ communities coincident with fish consumption  















Figure 4.7: 2000 EJ communities coincident with fish consumption  




Figure 4.8: 2010 EJ communities coincident with fish consumption  















Figure 4.10: 2000 EJ communities coincident with fish consumption  




Figure 4.11: 2010 EJ communities coincident with fish consumption  









Figure 4.12: 2000 and 2010 EJ communities coincident with fish consumption advisory waterbodies,  





Figure 4.13: 2000 EJ communities coincident with fish consumption  




Figure 4.14: 2010 EJ communities coincident with fish consumption  









Figure 4.15: 2000 and 2010 EJ communities coincident with fish consumption advisory waterbodies,  





Figure 4.16: 2000 EJ communities coincident with fish consumption  




Figure 4.17: 2010 EJ communities coincident with fish consumption  















Figure 4.19: 2000 EJ communities coincident with fish consumption  




Figure 4.20: 2010 EJ communities coincident with fish consumption  













Table 4.4: Similarity Index of 2000 EJ guidelines coincident with fish  















2000 NY 2000 MA 
2000 
USEPA 
1 0.879581 0.879581 0.852041 0.316194 0.468023 
2000 
USA  











   
1 0.359816 0.546512 
2000 
NY     
1 0.40146 
2000 





Table 4.5: Similarity Index of 2010 EJ guidelines coincident with fish  















2010 NY 2010 MA 
2010 
USEPA 
1 0.931507 0.931507 0.875 0.350224 0.46789 
2010 
USA  











   
1 0.373208 0.509259 
2010 
NY     
1 0.437361 
2010 





Table 4.6: Similarity Index of 2000 and 2010 EJ guidelines coincident with fish 

















































ENVIRONMENTAL JUSTICE GUIDELINE COMPARISONS WITH URBAN/RURAL AREAS 
AND LAND USE/LAND COVER 
 
“Historically, toxic dumping and the location of locally unwanted land uses (LULUs) have 
followed the ‘path of least resistance’…”  --Robert D. Bullard (1990) 
Abstract 
Historically, environmentally burdened populations were often the result of land 
use practices and zoning (or lack thereof). Many times these impacted peoples were 
communities of color and low-income. To bring these injustices to light, grass roots 
organizations began to develop in the 1980s. With organized representation and 
scientific proof linking hazardous land uses to minority and low-income communities, 
political change was affected in 1994 with President William J. Clinton signing Executive 
Order (EO) 12898. EO 12898 made Environmental justice (EJ) an official part of 
governmental operations. EJ is the fair treatment and meaningful involvement of 
potentially impacted populations. Under EJ, adverse and disproportionate impacts on 
minority/low-income populations must be identified. As a result, federal agencies under 
leadership from the United States Environmental Protection Agency (USEPA) began to 
develop EJ policies and procedures to identify potentially impacted populations. 
However, with any bureaucracy, different goals and objectives resulted in slightly 
different criteria and guidelines for many different agencies. In this study, six 
148 
governmental guidelines were analyzed in terms of identifying potential EJ populations 
in urban and rural areas within the study area of South Carolina (SC). Specifically, GIS, 
contingency tables, and similarity indices were used to analyze federal/state guidelines 
and the populations they identify in urban and rural areas for Census years 2000 and 
2010. Utilizing GIS and similarity matrices, there appear to be many similarities in terms 
of guideline-identified EJ locations. However, there were also significant differences 
between agency guidelines and identified populations in urban and rural areas, even 
when accounting for Census year. Land use and land cover (LULC) was also analyzed 
within the study area. Overall, LULC changes were analyzed between 2001 and 2011. 
Utilizing the most conservative EJ guideline (guideline identifying the highest numbers 
of potential EJ populations), LULC was analyzed in EJ identified areas. LULC classes 
within these highlighted areas were found to be significantly different from each other 
in terms of total area per class. Despite these outcomes, this study recommends specific 
guidelines to utilize in SC. 
Introduction 
At its most basic level, environmental justice (EJ) endeavors to minimize 
ecological injustice by equalizing or sharing environmental benefits and ills through non-
discriminating policy, laws, and regulations (Steady 2009; Stephens 2007; Whitman 
2001; Obiora 1999). Specifically, EJ includes the ideals of fair treatment and the 
meaningful involvement for all peoples (United States Environmental Protection Agency 
[USEPA] 2014a). Fair treatment ensures that socioeconomic groups face no unfair 
environmental burden, while meaningful involvement allows people to have a voice and 
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participate in actions or decisions that may have an impact on their daily lives (USEPA 
2010a, 2010b, and 2010c). EJ had its origins in the civil rights movement and Title VI of 
the Civil Rights Act of 1964, which legally prohibited discrimination based on race, color, 
national origin, etc. (US Department of Justice [USDOJ] 2015a and 2015b; USDOL 2015; 
Steady 2009; Kurtz 2007; Cole and Foster 2001; Lester et al. 2001). Formally, however, 
EJ did not become national policy until Executive Order (EO) 12898 was signed by 
President William J. Clinton on February 11, 1994. With this order, minority/low-income 
populations and any disproportionate or adverse impacts on them must be identified 
(Forrest 2013; EO 1994). 
People of color and low socioeconomic status have historically born higher 
environmental burdens from chemical releases, waste dumping, hazardous waste sites, 
etc. by living and working in areas subjected to these threats (Ewall 2012; Skelton and 
Miller 2006; Bullard 1995; Bullard and Wright 1993; Bullard 1990; Bullard 1983). This 
was proven in 1983 by a study conducted by the US General Accounting Office (GAO). 
This study correlated the location of African American communities and Environmental 
Protection Agency (EPA) Region 4 hazardous waste landfills (Johnson 2009; Massey 
2004; US General Accounting Office [USGAO] 1983). Then, in a 1987 United Church of 
Christ Commission of Racial Justice study, hazardous waste facility placement was linked 
to demographics (US Department of Energy [USDOE] 2014a; Ferris and Hahn-Baker 
1995; United Church of Christ 1987). These were major watershed moments in the 
development of EJ within the US and showed a direct link between communities of 
color/low-income and zoning (and land use). 
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In the past, zoning and land use practices led to the disproportionate 
environmental burdens and neighborhood hazards faced by minorities/native 
populations and low-income communities (USEPA 2010d; Roskie 2009). Through zoning 
(or, in some cases, lack thereof), lands were often divided into the areas with more of 
the undesirable land uses and hazardous areas focused in urban landscapes. For 
example, in urban areas many communities are exposed to pollutants and toxins 
through consumption of seafood from contaminated waters (Burger et al. 2010). Or, in 
the case of Houston, TX, solid waste sites were found in predominantly black 
communities and not randomly located throughout the city (Bullard 1983). Coincidently, 
many of the areas with minority and low-income populations are those affected by 
environmental issues or undesirable land uses (e.g., hazardous waste sites, landfills, 
chemical plants, etc.). Many of these locally undesirable (or unwanted) land uses 
(LULUs) stem from the not-in-my-backyard (NIMBY) principle. This principle often puts 
LULUs in “poor, powerless, black communities rather than affluent suburbs” (Bullard 
1990; Bullard and Wright 1986). As a result of NIMBY, undesirable land use sand sites 
were often placed by politicians and industry in African American communities; the 
PIBBY (place-in-blacks’-backyard) principle was coined (Bullard 1990; Bullard and Wright 
1987).  
Historically, land use decisions affected siting choices and often defined where 
unsavory and objectionable land uses would be located (Salkin 2010). Through some of 
these land use decisions, “political and economic self-interests” are upheld by placing 
undesirable facilities and industry in certain areas, while often excluding minorities and 
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low-income populations from other areas (exclusionary zoning) (Wilson et al. 2008).  In 
a perfect world, environmental hazards, development, and land uses would be 
equitable and evenly distributed via master plans and governmental planners (Salkin 
2010). Through zoning, planning, and review, EJ concerns are often addressed at the 
local (government) level by controlling land use (Salkin 2004). Salkin (2004) has even 
advocated the inclusion of “little NEPAs” or environmental review into any local 
planning as a means of controlling EJ burdens. 
Since the first ancient map, land use and land cover (LULC) data have been used 
to provide information about landscapes. How a landscape looks and what it is made of 
provide important information for spatial analyses. Much can be learned, understood, 
and developed from LULC data, including ecosystem health, biodiversity patterns, 
policies for land management, etc. (Homer et al. 2007). As a powerful tool in the 
planning and zoning arsenal, LULC data are utilized by may governmental organizations 
to prepare for the future and limit many potential (and real) EJ burdens. In fact, Salkin 
(2006 and 2004) states that land use planning and decision-making form a basis for EJ. 
EJ planning solutions were recommended to USEPA for inclusion to the environmental 
permit process by the National Academy of Public Administration (Rutledge et al. 2003).   
As land use planning and limiting environmental burdens are linked together in 
mitigating and addressing EJ concerns, LULC analyses in South Carolina were analyzed in 
terms of potential EJ populations. Specifically, EJ communities within the study area 
were analyzed for their urban/rural area makeup. These potentially impacted 
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communities were also examined in terms of multi-class LULC to determine which land 
uses are present in EJ areas.   
Study Area 
The study area for this research is the state of South Carolina (SC). The mottled 
topography and urban/rural makeup of SC were the reasons for this choice. SC was 
selected because of its varied geography and its mixture of urban and rural landscapes 
(Figures 5.1 and 5.2). With an approximate land area of 31,113 square miles and 187 
miles of coastline, SC is composed of forests, agricultural areas, wetlands, beaches, 
developed areas, etc. (SC Parks, Recreation, & Tourism [SCPRT] 2012; Kovacik and 
Winberry 1987). SC’s rural areas of extensive sand hills, deciduous and coniferous 
forests, wetlands, agricultural lands, etc. are punctuated by the urban regions of 
Greenville/Spartanburg, Columbia, Charleston, and numerous smaller towns and cities. 
Land use/land cover in 2001 and 2011 is shown in Figures 5.3 and 5.4, respectively. LULC 
displayed in these figures will be discussed in more detail in the Methodology section of 
this paper.  
Over the years, this varied landscape has changed with fluctuations in its 
population. From 2000 to 2010, the state’s population grew from 4,012,012 to 
4,625,364, an increase of 613,352 persons (United States Census Bureau [USCB] 2014a 
and 2014b; SC Budget and Control Board [SCBCB] 2012a). And with these changes in 
topography and population, SC’s interactions between the environment and society 
make for an interesting EJ testbed. 
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Aims & Hypotheses 
Under a specific aim (SA) approach, four null hypotheses were put forth. 
Specifically SC’s urban/rural breakdown and LULC were analyzed to determine how EJ 
communities are related to the various LULC classifications. This relationship was also 
analyzed over time. As SC saw significant population growth between 2000 and 2010, 
this ten year period was analyzed for both EJ and LULC changes. In this LULC focused SA, 
the first null hypothesis to be tested was that there was no significant relationship 
between governmental EJ guidelines in identifying EJ communities present in urban or 
rural areas within SC. The second null hypothesis to be tested was that there was no 
significant relationship between governmental EJ guidelines in identifying EJ 
communities within SC urban or rural areas between 2000 and 2010. As urban areas 
have been the focus of much EJ analysis over the years, the thinking was that, in SC, 
significant populations might also be present in rural landscapes and remain significant 
over time. The third null hypothesis contends that there was no significant relationship 
between government-identified EJ populations and the LULC classes they fall within, 
while the fourth null hypothesis to be tested was that there was no significant 
relationship between government-identified EJ communities and the 2001/2011 LULC 
types they fall within. Just as urban/rural areas are used in planning and development 
activities, LULC classes are utilized to plan for population growth. As such, classes 





The principle objectives of this effort were to analyze the relationship between 
EJ populations and LULC and urban/rural areas in SC and to determine if changes in 
these relationships present themselves over time. To accomplish this broad aim, seven 
objectives were accomplished in the study area. In the first, EJ communities present in 
urban and rural areas were identified using various governmental guidelines for Census 
years 2000 and 2010. The second and third objectives compared similarities and 
differences between the guideline-identified EJ areas for both Census years. The fourth 
objective identified which LULC classes contained significant EJ populations for 2001 and 
2011 LULC years. The fifth objective determined how LULC changed over this timeframe. 
Similarities and differences between LULC classes and EJ-identified communities were 
analyzed in objectives six and seven. Similarities and differences were analyzed via a 
combination of statistical comparisons, similarity analyses, and map-focused 
geographical outputs. 
Currently, state and federal agencies often utilize a variety of guidelines in the 
analysis of EJ populations and lack one, unifying set of criteria (USEPA 1999a). SC, the 
study area, utilizes a self-identification approach for identifying EJ populations and does 
not have any specific sociodemographic criteria from which to tease out EJ communities 
(Whittle and Sprayberry 2011). As a result, six guidelines from various governmental 
organizations were utilized in this study. Four were from the federal government and 
two were from state governments where guideline documentation was clear and 
abundant.   
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In SC, federal agencies that have a presence in the state were chosen. These 
were the: US Environmental Protection Agency (USEPA), which protects human health, 
enforces environmental laws and policy, and attempts to lessen environmental 
impacts/hazards/risks, etc. (Good 2014; USEPA 2014b, 2010d, and 2004); US Army 
(USA), under the Department of Defense (DOD), protects national interests, provides 
security, and defends USC territory (USA 2012, 2011, and 2007); and, the US Nuclear 
Regulatory Commission (USNRC), which licenses nuclear sites, handles disposal of 
radioactive waste, and protects human/environmental health from radioactive 
processes (reactors) and materials, etc. (USNRC 2014a, 2014b, 2012, 2004a, and 2003). 
Two guidelines were chosen from the USNRC. Within each organization, NEPA 
regulations must be followed. As a result, EJ impacts and concerns on potential minority 
and low-income communities must be analyzed and addressed (USNRC 2004b; Code of 
Federal Regulations [CFR] 2002); USEPA 1999b; US DOD [USDOD] 1996). The state 
guidelines of New York (NY) and Massachusetts (MA) were also compared in this effort. 
In the state of NY, environmental impacts and public health concerns are the purview of 
the Department of Environmental Conservation (NYDEC) (DeJesus 2015; NYDEC 2013). 
The NYDEC’s Office of Environmental Justice coordinates all effects on minority and low-
income communities (EJ populations) with its Commissioner Policy 29 (CP-29) (NYDEC 
2012a, 2003a, and 2003b). Similarly in Massachusetts, the Executive Office of Energy 
and Environmental Affairs (EOEEA) handles all environmental, public health, and natural 
resource affairs (Suberg and Reid 2014; EOEEA 2013). Additionally, the EOEEA with its  
Environmental Justice Policy of the Executive Office of Environmental Affairs (EJPOEA) 
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attempts to increase investment in EJ communities, while limiting environmental 
burdens and impacts to minority and low-income populations (Suberg and Reid 2014; 
EJPEOEA 2012a; EOEEA 2012).  
Each governmental agency mentioned has its own criteria for identifying 
potentially impacted EJ populations and will be analyzed briefly below. As the study area 
resides in Region 4 of the USEPA, that area’s Interim Policy to Identify and Address 
Potential Environmental Justice Areas (USEPA 1999a) was utilized. Under this guidance, 
anytime a minority (Black or African American races; American Indian and Alaskan 
Native races; Asian race; Native Hawaiian and Other Pacific Islander races; Multiracial 
(Two or More Races); Some Other Race; Aggregate of Races; or Hispanic ethnicity 
categories) or low-income (Low-income household category) population exceeds 1.2 
times the state average, they are identified as a potential EJ community (USEPA 1999a). 
Similarly, the USA also identifies potential EJ communities utilizing identical minority 
and low-income population breakdown at not only 1.2 times the state average (20% or 
greater than the state average), but also 50% or greater of the Census Block Group 
population (Canter et al. 2007). The USNRC employs two sets of guidelines and each 
were utilized here. The first is identical to the USA guideline in terms of EJ categories 
analyzed as well as percentage or numeric thresholds used for block groups in the study 
area (USNRC 2004a and 2003). Additionally, it also utilizes county population averages in 
which EJ communities are identified if they are either 50% or greater of the block group 
population and/or 20% or greater than the county average per sociodemographic 
category (listed above) (USNRC 2003). NY and MA guidelines vary from the federal 
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criteria. Utilizing NYDEC’s Office of Environmental Justice, Potential Environmental 
Justice Areas (PEJAs) are identified when 51.1% or greater minority populations in urban 
areas, 33.8% or greater minority populations in rural areas, and/or 23.59% or greater 
low-income households in urban or rural areas are reached for block groups within the 
study area (NYDEC 2012b, 2011, and 2003b). EJ population categories are identical to 
those of the federal government. MA varies even more. Through the EOEEA, EJ 
populations are classified according minority status (minorities taken as a whole), 
income, English proficiency, and foreign birth status (EJPEOEA 2012b). Potential EJ 
communities are identified when block groups are: 25% or greater minority/ethnic; 65% 
or less of the state median household income; 75% or less English proficient; and/or 
25% or greater born outside the US (EJPEOEA 2012a and 2012b; MassGIS 2003). It is 
important to note that in 2010, the MA guidance does not list foreign-born status 
despite the law not being rewritten (Suberg and Reid 2014; MassGIS 2012). Therefore, 
foreign-born status was not analyzed in 2010 (until the guideline is clarified by the 
state).  
Next, using Microsoft Access, potential communities were identified by querying 
Census 2000 and 2010 data. ArcGIS® 10.1 was also used to query Census data. Census 
query results were joined to Census Block Group feature classes for Census 2000 and 
2010 data. This allowed data to be better interpreted and displayed. After the attribute 
join, EJ populations were delineated by querying guideline criteria from above. After EJ 
communities were displayed, they were analyzed in terms of urban and rural 
classifications. 
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EJ populations and their associated urban areas have been studied in much 
detail over the years. Often these populations are studied in terms of how close they are 
to hazardous facilities. That is changing. Access to healthy food providers or recreation 
areas have started to be included in any EJ analyses. Now rural areas are included in 
many EJ investigations. Therefore, urban and rural areas were analyzed for potential EJ 
communities. When looking at the urban/rural breakdown, only two land use types 
were analyzed; analyzing multiclass land uses and land cover are discussed later. 
According to the USCB (2010 and 2000), an urban area contains “boundaries that 
represent densely developed territory, encompassing residential, commercial, and other 
nonresidential urban land uses.” Rural areas are defined as, basically, everything else 
outside of urban areas (USCB 2010 and 2000).  Urban areas generally contain more than 
50,000 people, while urban clusters contain fewer people, but still range from 2,500 to 
50,000 persons (USCB 2012a and 2007a). Rural areas do not contain as dense 
populations and are not included in urbanized areas/clusters (USCB 2012a).   
Urban area and urban cluster data for years 2000 and 2010 were obtained from 
the University of South Carolina geographer James Hibbert (USC 2014b and 2014c) as 
year 2000 was no longer available via the USCB website. Utilizing GIS, urban 
areas/clusters were overlaid on the state boundary. Using geoprocessing techniques in 
ArcGIS®, these areas were used to divide the state into urban and rural zones. 
Specifically, the urban areas/clusters were intersected with the state boundary polygon. 
Where the polygons intersected were coded as urban. Everything else was classified as 
rural. This was done for both the 2000 and 2010 urban datasets. Next, the six guideline-
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identified EJ populations were overlaid on the state urban/rural areas. These EJ 
populations were intersected with the urban and rural areas in what was essentially a 
spatial coincidence analysis. This allowed EJ communities, by guideline and by guideline 
category, to be classified as either urban or rural populations.   
To compare urban and rural EJ populations, a combination of qualitative and 
quantitative techniques were utilized for both 2000 and 2010 results. In terms of 
geography, locations and overall patterns of EJ results were described (Berg 2004). 
Figures were created to display urban/rural EJ populations across the state by guideline 
totals (showing all EJ communities together) and by EJ specific guideline (e.g., African 
American race, Asian race, etc.). Next, quantitative results were analyzed and explored. 
Potential EJ communities were counted and tallied by guideline. Using a simple ordinal 
scale (Freund and Wilson 1997), the tallies were ranked for both 2000 and 2010 results 
to show the highest and lowest numbers of EJ populations identified. Ranks were then 
compared within the same year and across Census year.  
Then statistical analyses were performed on the EJ results. Here, SAS statistical 
software was employed to create contingency tables for testing of significant guideline 
relationships. As the guidelines were categorical nominal variables and the response 
variables were binary (urban versus rural) in nature, contingency tables were utilized. 
The chi-square statistic was chosen to analyze observed and expected frequency 
strength of relationship in the data (Portney and Watkins 2009; Everitt 1992). Utilizing a 
coding format highlighted by Stokes et.al (2000 and 1995), a two-way contingency table 
was created using the Proc Freq command in SAS to test the null hypotheses. 
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Specifically, independence was tested using the “chisq” option (Delwiche and Slaughter 
2012). Tests were run for year 2000, year 2010, and year 2000/2010 combined. The 
separate year comparisons tested if there was no significant relationship between 
guideline and results. The pooled comparison, using the Cochran-Mantel-Haenszel 
(CMH) option, tested if there was no significant relationship between guideline and 
results when accounting for year. 
After statistical analyses were run, data were examined for similarity with one 
another. Specifically, a series of similarity analyses were run utilizing Jaccard’s similarity 
index (Jaccard 1908). Jaccard’s equation is fairly simple and utilizes the equation J = C/(A 
+ B – C) where C represents the number of attributes in common between guidelines a 
and b, and A and B represent the number of features in populations a and b respectively 
(Real 1999; Real and Vargas 1996). Jaccard’s similarity index was chosen because of its 
use in a variety of fields. Utilizing Jaccard’s similarity index, six matrices were created to 
compare the EJ guideline results. As there needs to be some sort of population overlap 
in order to utilize Jaccard’s, urban and rural EJ populations were compared separately 
(as SC was divided into either urban or rural areas, with no overlap). Three matrices 
were created in both rural and urban classifications. One matrix analyzed 2000, one 
analyzed 2010, and one matrix comparing 2000 to 2010. As the EJ populations represent 
non-whole number counts and would be extremely difficult to compare, EJ areas were 
utilized in this comparison. Using ArcGIS® 10.1, areas were created for guideline results 
by dissolving the many EJ block groups into a single area (one polygon) of EJ population 
within the state for each guideline. These polygons form the basis for the A and B values 
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in Jaccard’s similarity index. To determine the C value, or overlap area, guidelines were 
intersected with one another. This was done for each guideline, by urban/rural 
classification, and by year. After areas were calculated, the resulting numbers were 
populated in Microsoft Excel to determine the similarity coefficients between the 
guidelines. 
Once urban and rural area EJ analyses were performed, land use and land cover 
were analyzed. The National Land Cover Dataset (NLCD) was utilized for its consistency 
in LULC class structure and coverage of the study area. The NLCD provides a seamless 
and consistent national coverage for LULC data (Homer et al. 2007). It is utilized in many 
analyses by researchers and governmental agencies “to recognize and evaluate types of 
changes, their distribution and patterns, and potential consequences of changes in land 
cover, land use, and land condition throughout the United States” (Fry et al. 2011a). 
Data were utilized from 2011 (USGS 2014a) and 2001 (USGS 2014b). Datasets are 
published every five years at 30 meters resolution, are composed of 16 national land 
cover classes, and designed for pixel to pixel comparisons over time (Homer et al. 2015.; 
Fry et al. 2011a; Homer et al. 2007). Using the most conservative guideline (in terms of 
the most identified EJ populations), MA EJ results were utilized for this analysis. 
Ideally, having Census data and LULC results match up temporally was desirable. 
However, LULC data was available in 2001 and 2011, while Census data were available in 
2000 and 2010. Temporally, the data were off by a year. In order to try to remedy this 
problem, population and household data provided by the American Community Survey 
(ACS) were analyzed. Estimates of the latest socio-demographic are released by the ACS 
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between the Decennial Census years with 5-year estimates providing the most accurate 
estimates (USCB 2012b). Data from the ACS were downloaded and processed for 2011. 
However, data from 2001 were not available in ACS format. Initially this posed a 
quandary. Should 2011 and 2000 sociodemographic data be utilized when looking at 
LULC or should 2010 and 2000 data be analyzed? The answer presented itself in a 
contingency table chi-square analysis. Here, 2010 and 2011 guideline-identified EJ 
populations were analyzed and resulted in a chi-square of 1.6725 with a p-value of 
0.1959. As the null hypothesis was not rejected, there was no significant difference 
between years 2011 and 2010 in terms of EJ communities. It was ultimately decided to 
use 2010 data when analyzing LULC as this would be a better parity check with the 2000 
data in terms of format and intent. 
Next, the LULC datasets from 2011 (United States Geological Survey [USGS] 
2014a) and 2001 (USGS 2014b) were downloaded from the NLDC website and 
processed. This involved clipping the respective datasets to the SC boundary (Figures 5.3 
and 5.4) in ArcGIS® 10.1. Then, the raster datasets were converted to polygon feature 
classes. After conversions to polygons, each feature class was dissolved based on LULC 
class in order to simplify the datasets. Then, areas were calculated for each LULC class. 
Percentages of each class were also calculated. LULC areas were then placed next to 
each other in a table to show comparisons of classes over the ten year period. A cell-to-
cell change detection was then downloaded from the NLCD website to display where 
LULC classes changed between 2001 and 2011 (USGS 2014c). It was also converted to a 
polygon feature class with areas for each class to class change calculated. It is 
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recommended that this basic image processing be done on a workstation, as it took 
many hours to process on a business level notebook with eight gigabits on RAM.  
MA EJ communities were then overlaid on the LULC for each year using GIS. First, 
the areas of MA EJ populations were found by dissolving all the individual block groups 
into one single polygon. Then, using geoprocessing techniques LULC classes were 
clipped to the extent of the polygons. Specifically the year 2000 MA EJ area was utilized 
to clip the 2001 LULC polygon feature class, while the 2010 MA EJ area was used to clip 
the 2011 LULC polygon dataset. LULC polygons within the clipped areas were then 
dissolved to yield one record for each LULC class. Areas were then calculated for both 
LULC dataset years. Results were mapped and LULC areas (and LULC area percentages of 
EJ areas) were recorded in table form. Classes were then simply ranked based on area 
within each EJ polygon. 
Statistical comparisons were then conducted to determine if a significant 
relationship exists between LULC classes and predicted EJ communities. A contingency 
table with chi-square analysis was run to test the null hypothesis and whether the LULC 
classes were independent of each other. Chi-square analyses were run for each year as 
well as in pooled fashion to determine if year was significant in the relationship and 
whether 2011 and 2001 year results are mutually exclusive of each other.   
Results 
To highlight the number of EJ communities in urban/rural areas, the number 
Census Block Groups where first determined for each of the governmental EJ guidelines 
(e.g., USEPA, USA, USNRC state average, USNRC county average, NY, and MA 
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guidelines). The numbers of block groups by guideline are displayed in Table 5.1. Using 
these various EJ criteria analyses as a starting point, the number of block groups or EJ 
communities ranged from a minimum of 757 and 880 in 2000 and 2010, respectively, to 
1589 and 1933 in 2010, respectively.  
EJ populations by urban and rural classification (and summarized by county) are 
displayed in Tables 5.2 and 5.3. The number of rural EJ block groups ranged from 318.2 
(42% of EJ block groups) to 770.9 (48.5%) in 2000 and 360.4 (41%) to 854.1 (51.5%) in 
2010. Urban EJ block groups ranged from 438.8 (58%) to 818.1 (51.5%) in year 2000 and 
519.6 (59%) to 1078.9 (55.8%) in year 2010. Overall, the numbers of EJ-identified block 
groups increased from 2000 to 2010 for both rural and urban areas. For every guideline, 
except NY, urban-identified EJ populations outnumbered rural EJ communities. In terms 
of EJ ranks, the USEPA ranked lowest in EJ numbers, while the MA guideline ranked the 
highest. The USA and USNRC (state average) ranked fourth, with the USNRC (county 
average) ranking third. The NY guideline was ranked second in terms of EJ block group 
counts. The results for 2000 and 2010 are displayed in Figures 5.5 through 5.16. 
To represent the different EJ population classes, Tables 5.4 and 5.5 display the 
racial, ethnic, income, etc. breakdown by year and guideline. The highest numbers of 
communities in the state belong to the African American race, Aggregate of Races, and 
Low-income categories. To a lesser extent, American Indian and Alaskan Native races, 
Asian race, Some Other Race, and Hispanic ethnicity categories also showed impacted 
populations. The Native Hawaiian and Other Pacific Islander races and Two or More 
Races categories showed no impacted populations. For the USEPA, USA, and the two 
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USNRC categories, the urban classification contained more EJ populations. NY, however, 
was slightly different in that its African American race and Aggregate of Races categories 
showed fewer EJ communities in the urban classification. The MA categories for 
minority and income-related populations showed the highest numbers of EJ 
communities with numbers increasing between 2000 and 2010 for both urban and rural 
areas. These results are displayed by EJ category in Appendix C Figures C.1 through C.74. 
Chi-square statistics were run to test the relationship between the governmental 
EJ guidelines and EJ populations in urban and rural areas. Contingency tables for 2000 
and 2010 urban and rural results were tested separately (to determine if year 
contributed to any relationship) and then pooled together. The chi-square statistic was 
51.6857 with a p-value less than 0.0001 in year 2000. In year 2010, the chi-square 
statistic was 62.5479 with a p-value less than 0.0001. Controlling for year yielded a 
general level of association Cochran-Mantel-Haenszel Statistic of 112.4585 with a p-
value less 0.001. Five degrees of freedom were present in all three contingency table 
analyses.  
To show how similar the guideline-identified EJ populations are to each other, six 
similarity matrices were constructed. Urban EJ-identified communities are displayed in 
Tables 5.6 through 5.8. Here values ranged from 1 to 0.356623 in year 2000 (Table 5.6) 
and from 1 to 0.36783 in year 2010 (Table 5.7). In Table 5.8, years 2000 and 2010 are 
compared. Values range from 0.431286 for NY to 0.475624 for MA. All other guideline 
coefficients fall with the 0.46 range. Tables 5.9, 5.10, and 5.11 display the similarity 
coefficients of rural EJ-identified populations. Year 2000 rural EJ guideline results are 
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compared in Table 5.9. Table 5.10 compares year 2010 guideline results. And, Table 5.11 
compares rural guideline results between 2000 and 2010. Values range from 1 to 
0.433224 in Table 5.9 and from 1 to 0.443052 in Table 5.10. In Table 5.11, values range 
from a high of 0.8211 to a low of 0.734431. In Tables 5.9 and 5.10 NY and MA tend to 
have lower Jaccard coefficients than those for the USEPA, USA, and USNRC guidelines. 
Between years 2000 and 2010, MA had the highest similarity coefficient, while the 
USEPA had the lowest. The other guidelines fell in between these upper and lower 
numbers.  
After urban and rural areas were analyzed using the various governmental EJ 
guidelines, LULC was examined. Table 5.12 displays the various LULC classes for the 
2001 and 2011 datasets at the state level. In 2001, the largest area was made up of 
evergreen forest at 22.54%. While slightly smaller by area and percentage (6,650.36 
square miles and 20.77%, respectively), the largest class in 2011 was also evergreen 
forest. Under each year, unclassified and developed, high intensity constituted the 
lowest classes by area. Slight differences in total areas are due to rounding. LULC 
locations in SC are displayed in Figures 5.3 (year 2001) and 5.4 (year 2011). Areas where 
LULC changed between 2001 and 2011 are highlighted in Figure 5.17. 
Utilizing the most conservative EJ guideline (MA identifies the greatest numbers 
of EJ communities), LULC classes were identified by the MA EJ areas. LULC classes for 
the 2001 and 2011 datasets as determined by the MA EJ areal extents are displayed in 
Table 5.13. The largest areas in 2001 were evergreen forest at 5,088.88 square miles 
(24.89% of the EJ area) and woody wetlands at 4,888.72 square miles (23.91% of the EJ 
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area). With an increased overall EJ footprint in 2011, the evergreen forest and woody 
wetlands classes again had the largest areas at 4,723.08 square miles (22.16%) and 
5,026.25 square miles (23.58%), respectively. As with the state LULC, developed, high 
intensity proved to have the lowest area in both 2001 and 2011 at 40.34 square miles 
(0.20%) and 63.07 square miles (0.30%), respectively. Figures 5.18 (year 2001) and 5.19 
(year 2011) show LULC located within the MA EJ footprints derived from 2000 and 2010. 
To compare results statistically, a Chi-square analysis was run on the LULC areas 
identified by the MA EJ areas. As in the 2000 and 2010 urban/rural results, contingency 
tables were set up and analyzed. Data were tested separately and as a pooled dataset. 
In year 2001, the chi-square statistic was 3,424.0332, while in year 2011 the chi-square 
statistic was 4,048.1613. Both statistics had a p-value less than 0.0001. When pooled 
together the general level of association Cochran-Mantel-Haenszel Statistic was 
7,309.0937 and had a p-value less 0.0001. All tests had 14 degrees of freedom.  
Discussion 
Qualitative and Quantitative Discussion 
Overall, the number of EJ populations (or block groups) increased from 2000 to 
2010 as the number of block groups and populations increased in the study area. As 
much research has focused on EJ communities in urban areas, it was not unexpected 
that for the governmental guidelines all but NY had higher EJ community counts and 
percentages for urban areas than rural spaces. NY had higher numbers of EJ 
communities in rural areas. This is likely the result of using different numeric thresholds 
for urban and rural areas. Here, NY has a lower numeric threshold for minority and 
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ethnic populations in rural areas than in urban ones. This has interesting implications for 
states with little minority/ethnic diversity and/or states with large metropolitan areas in 
relation to the rest of the state (or large rural areas relative to the state as a whole). In 
these cases, having a different threshold for rural and urban is more than likely 
appropriate. However, in a state like SC, where minorities may not be as clustered in 
urban areas, a bimodal threshold for urban and rural landscapes may not be 
appropriate.  
Once again, the MA and USEPA guidelines identified the largest and smallest 
(respectively) numbers of identified block group communities in both Census years. As a 
result, the MA guideline ranked the highest (the USEPA the lowest) in terms of EJ 
population counts. This was likely due to the USEPA having a straight forward state 
average numeric threshold in identifying minority and low-income populations, whereas 
the MA guidelines focused on additional sociodemographic groups and utilized a lower 
numeric threshold for identifying minority populations, which helped tease out 
additional communities. And, for the most part, percentages of urban and rural 
populations remained relatively consistent over the ten year period. This may indicate 
EJ population changes were also consistent in both urban and rural areas with little flux 
from one area to the other. 
Counties with the largest metropolitan areas (cities) also had the largest 
numbers of urban EJ communities. Counties with the highest numbers of urban EJ 
populations include Charleston, Greenville, Richland, and Spartanburg Counties. Not 
surprising, most urban EJ populations are located in the major cities and towns in the 
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state. Interestingly, rural counties generally tended to have fewer EJ populations. 
However, rural counties like Clarendon, Lee, Orangeburg, Sumter, Williamsburg, etc. 
tended to have slightly higher EJ populations possibly from higher minority and low-
income populations. Overall, many of the rural EJ populations are located south of 
Interstate 20 or just to the north side of the interstate. This was more than likely due to 
the large metro areas in the northern part of the state which includes Greenville, 
Spartanburg, and the growth of Charlotte southward into SC. 
The African American race, Aggregate of Races, and Low-income categories had 
the highest overall EJ populations in both rural and urban areas. For every guideline in 
these categories, urban areas had higher numbers of EJ populations than in rural 
locations. This was true for all guidelines except the African American race and 
Aggregate of Races categories under the NY guidance. Hispanic ethnicity, Some Other 
Race, and the Asian race groups had smaller, but still significant populations. It is 
interesting that the Asian-identified populations were only located in urban areas, while 
American Indian and Alaskan Native races had higher identified populations in rural 
areas. These trends are more than likely the result of where these populations settled 
within the state. No EJ populations were identified in either rural or urban areas for the 
Native Hawaiian and Other Pacific Islander race or Two of More Races categories. For 
the MA guideline, the Minority and Low-income categories displayed the highest EJ 
populations with urban areas having higher numbers than the rural locations. Other 
categories, while significant, had much fewer identified populations. According to the 
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USCB QuickFacts (2014a and 2014b), these minority/ethnic results were not 
unexpected. 
In analyzing the six EJ guidelines statistically by urban/rural breakdown, the null 
hypotheses were rejected. Overall, it appears that there was a relationship between the 
guidelines and the EJ populations they identified. Specifically, when analyzing the 2000 
and 2010 contingency tables separately, differences between guidelines and the 
populations they identify were significant. As a result, the null hypothesis was rejected. 
The null hypothesis was also rejected when analyzing the data in a pooled fashion. This 
indicates that when accounting for year, significant differences were present. Clearly, 
there were differences between these guidelines based on the statistics run. However, 
these statistical procedures fail to show the exact location of these differences. In future 
analyses it would be interesting to see exactly where the differences exist among the 
guidelines. 
Alternatively, matrices were constructed to analyze similarity between the 
various guidelines in the rural/urban landscape. When analyzing similarities among the 
guidelines in a rural setting, the USA and USNRC results appeared to show the most 
similar results. The USEPA was the next most similar to these guidelines. The NY and MA 
guidelines appeared to be the least similar to other guidelines and each other. These 
results seemed consistent for both the 2000 and 2010 years. When comparing over the 
ten year period, the MA guideline appeared most similar to itself. The other guidelines 
had very close similarity coefficients over the years. When comparing urban similarities 
in either 2000 or 2010, results appear to track closely with those found in the rural 
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analyses. However, when comparing urban guidelines over time the USNRC county 
average criteria appeared to most similar, while the NY guidelines appeared to be least 
similar. It is important to note that these similarity coefficients where much lower than 
the rural results and only varied by roughly 0.05. This may indicate that EJ guidelines in 
urban areas are less similar to the same guidelines over time. When taken as a whole, 
similarities in USEPA, USA, and USNRC guidelines may produce higher similarity 
coefficients because of more similar selection criteria (numeric thresholds and groups 
compared) than those produced by NY and MA which have different numeric thresholds 
and additional EJ groups presented in each guideline.  
Next, LULC was analyzed. When analyzed at a state level, deciduous forest, 
evergreen forest, and woody wetlands made up the greatest LULC areas for both 2001 
and 2011. It is interesting to point out that all forested land classes shrunk in size 
between 2001 and 2011, while all developed areas increased in area over the decade. 
This is significant in that during roughly the same period, the population in SC increased 
by over 600,000 people (SCBCB 2012a). When looking at a state-wide map of change 
between 2001 and 2011 that the greatest density of changed LULC pixels appeared to 
be located north of Interstate 20 (but south of Greenville and Spartanburg Counties). 
The coastal counties of Beaufort and Charleston appear to have fewer changed pixels 
over the decade; this pattern also seemed to appear in the northwest part of the state 
and the Pee Dee region. While this change detection showed where changes are 
present, it was a little perplexing as to why Charleston and Beaufort Counties have 
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fewer changed pixels. Perhaps LULC has not changed in the time period studied and the 
development that has happened occurred in previously identified areas. 
When analyzing LULC in terms of the most conservative EJ guideline, there are 
some differences and similarities from the statewide results. As in the statewide 
coverage, woody wetlands and evergreen forest make up the largest areas under the 
MA EJ footprint and ranked the highest in area. Of interest, however, was that there 
were also fairly large areas of cultivated crops, deciduous forest, hay/pasture, 
herbaceous, and shrub/scrub areas. This shows up quite well in Figures 5.18 and 5.19. 
There were also fairly low areas, and percent by area, for the developed classes. This 
may indicate that on a strictly area-wise approach, less developed or more rural classes 
are picked up by the EJ footprint. This somewhat makes sense as urban EJ block groups 
tend to be much smaller, while rural EJ block groups tend to have much larger areas. So 
while there may be more block groups per given area in urban LULC classes, more of the 
rural areas are picked up on a percentage basis by larger rural block groups. Also of 
interest is that during this ten year period, all but evergreen forest, mixed forest, and 
open water classes increased in area within the EJ footprint. This is likely from the 
increased EJ footprint from 2000 to 2010. But it may also be caused by increased 
development and harvesting of trees for said development.  
Statistically, both the 2001 and 2011 LULC classes in the EJ footprints showed 
significant differences between class areas. When the 2001 and 2011 data were pooled 
together similar results were evident. LULC classes showed significant differences even 
when accounting for year. Both null hypotheses were rejected. As with the urban and 
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rural analysis, it seems LULC classes contribute differently to the makeup of the MA EJ 
areal footprint. In other words, certain land classes like woody wetlands and evergreen 
forest contribute more significantly to the overall EJ footprint than do smaller classes 
like developed, high intensity and mixed forest. However, contingency table analysis 
does not show exactly where these differences occur statistically. Future investigations 
can analyze these differences in more detail. It is important to note that a similarity 
analysis was not performed on the LULC cover data because they were raster datasets 
where one cell has one value and does not overlap with other cells. A zero area overlap 
would be present and leave a zero in the numerator, resulting in a zero similarity 
coefficient. Therefore, a similarity analysis was not utilized. 
General Discussion 
As there were significant differences discovered between EJ guidelines in the 
urban/rural analysis, it makes it somewhat difficult to choose an ideal EJ guideline to 
apply to SC’s needs. Ease of use would dictate employing the USEPA guideline. However, 
the USEPA criteria identify the fewest potential EJ populations. At the opposite end of 
the spectrum, the NY and MA guidelines were much more comprehensive in EJ 
categories analyzed and resulted in greater numbers of potential EJ populations 
identified. If the NY and MA guidelines were to be employed by SC, it would be 
recommended that they use different numeric thresholds for minority populations. It 
would make sense to use thresholds more consistent with minority percentages found 
in the south, rather than the northeast. A fair compromise would be to utilize the USA 
or either NRC guideline. These guidelines base numeric thresholds on state or county 
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averages. And, depending on any area of potential environmental impact, a statewide or 
county average may be a more appropriate scale from which to compare. The true goal 
in choosing any one of these guidelines (or additional guidelines not presented here) is 
to identify appropriate EJ populations that need potential protection, while not forcing 
development, business, construction projects, etc. to come to a standstill with overly 
cautious or conservative EJ population estimates. 
The results and findings presented here are relevant in some of the newer 
directions EJ research is moving. EJ has broadened its scope beyond (but still includes) 
traditional LULU. While the smell and plumes produced from hog concentrated animal 
feeding operations (CAFOs) in North Carolina (Nicole 2013) or the TRI sites being 
addressed in North Charleston by the Low Country Alliance for Model Communities 
(LAMC) (Wilson et al. 2012) are still a great concern and the bread and butter focus of 
EJ, EJ has also taken on additional areas of public health concern. This is particularly 
evident in the urban and rural divide or certain land use themed areas. Based on 
location, significant differences may exist in access to or existence of certain facilities. 
For instance, in many urban neighborhoods where African American and low-income 
populations are prevalent, there are many unhealthy food options and fewer grocery 
stores and other accessible options for healthy foods (Zachary et al. 2013; Zenk et al. 
2009). This is in stark contrast to what is available in the suburbs. In cities there are 
often unsafe streets, crime, lack of safe parks, etc. which prove to be obstacles to 
physical activity (Kumanyika and Grier 2006); alternatively, in some rural areas a lack of 
facilities also produce obstacles to physical activity (Whitt-Glover et al. 2009). 
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To combat these environmental injustices, people must work together and form 
partnerships. According to Hutson and Wilson (2011), planners, industry, business, 
public health officials, non-profits, and governments must form partnerships with 
community leaders, residents, and local institutions to affect real change. This effort 
would tackle institutional racism and the discrimination in access to resources seen in 
many areas, particularly urban centers (Hutson and Wilson 2011). In addition, changes 
in attitude, planning, and urban design are attempting to address health disparities, 
unequal access to facilities, and other public health inequalities, while improving healthy 
environments (e.g., physical activity, neighborhood walkability, access to supermarkets, 
access to parks, food deserts, outdoor recreation, etc. (Taylor et al. 2007; Johnson et al. 
2006; Taylor et al. 2006; Taylor et al. 2005; Greenberg and Renne 2005; Floyd and 
Johnson 2002). Overall, the goals are to improve health, reduce risk, and increase 
awareness of problems in order to make progress in this area (National Center for 
Health Statistics 2012). Taylor et al. (2007) referred to this as the “second wave of the EJ 
movement” (Greenberg and Renne 2005), the first dealt with LULU. Cleary, EJ has 
continued to evolve to include more facets of public health beyond just TRI sites and 
hazardous waste landfills. 
Conclusion 
Utilizing 2000 and 2010 Census data, governmental EJ guidelines were analyzed 
geographically by urban and rural EJ population makeup. Statistically, these guidelines 
produced significant differences in terms of identified EJ communities in urban and rural 
areas. There were also significant differences amongst the EJ guidelines over 2000 to 
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2010 timeframe. When analyzing LULC using the areal footprint of the most 
conservative (MA) EJ guideline, there were statistically significant differences between 
LULC classes. While this level of analysis may not show where the significant differences 
reside, they offer a starting point for future study to specifically identify these 
variations. They do show, however, that in SC not all EJ guidelines are equal and some 
may overestimate or underestimate potential EJ communities. They also show that 
identifying EJ communities for planning and development purposes is a valuable tool. 
This is not only important in ensuring all peoples share in environmental benefits and 
problems, but also to safeguard minority and low-income populations (really, all peoples 
regardless of socioeconomic status) from undue burdens and harms. 
Just as there is much debate in the chicken versus the egg argument, scholars, 
researchers, and, likely, politicians disagree on the evolution of siting LULU in 
communities of color and low-income (Pulido 2000). Cutter (1995) defines the question 
further when she asks if LULU were “sited in communities because they were poor, 
contained people of colour and/or were politically weak?” Alternately, did minorities 
and low-income populations come to these areas because of housing prices and white 
flight (Cutter 1995)? It is an interesting debate. However, we must learn from our 
mistakes and ensure we do not repeat them. With proper study, social awareness, and 
oversite (by governments and the people), EJ has the potential to make positive strides 
for all peoples.  



























Table 5.1: Total EJ communities by guideline. 
 



































































































Abbeville 1.0 0.9 1.0 0.9 1.0 0.9 1.0 0.9 2.0 1.6 2.1 1.7 
Aiken 10.9 13.5 11.9 14.5 11.9 14.5 12.5 14.5 13.8 19.6 25.4 32.9 
Allendale 1.8 1.4 1.8 1.4 1.8 1.4 1.8 1.4 1.8 1.4 1.6 1.4 
Anderson 11.6 15.0 13.6 16.0 13.6 16.0 15.0 17.6 21.1 22.4 26.6 35.9 
Bamberg 1.4 1.5 1.4 1.5 1.4 1.5 1.4 1.5 1.4 1.5 1.4 1.7 
Barnwell 0.3 0.3 0.3 0.4 0.3 0.4 0.3 0.4 0.3 1.6 2.1 1.7 
Beaufort 8.7 16.7 10.1 17.7 10.1 17.7 11.1 14.7 6.3 8.7 23.5 44.2 
Berkeley 0.0 2.0 0.1 6.3 0.1 6.3 0.1 7.3 0.1 9.6 11.5 47.8 
Calhoun 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Charleston 70.6 76.8 77.6 81.8 77.6 81.8 77.6 81.8 82.9 85.9 106.1 113.5 
Cherokee 5.0 8.7 5.5 8.9 5.5 8.9 6.5 8.9 8.7 10.6 11.8 13.5 
Chester 6.9 7.2 6.9 8.2 6.9 8.2 6.9 8.2 7.9 9.2 9.9 10.2 
Chesterfield 2.3 2.4 2.3 2.4 2.3 2.4 2.3 2.4 3.2 4.5 5.5 4.6 
Clarendon 2.3 1.4 2.3 1.4 2.3 1.4 2.3 1.4 2.4 1.4 2.4 1.8 
Colleton 4.1 3.8 4.1 3.8 4.1 3.8 4.1 3.8 4.2 4.4 5.1 4.4 
Darlington 11.3 9.3 12.3 9.3 12.3 9.3 11.0 9.3 13.3 11.4 16.4 16.5 
Dillon 4.4 2.6 4.4 2.6 4.4 2.6 4.4 2.6 4.4 2.6 4.6 2.7 
Dorchester 0.0 4.0 0.0 4.0 0.0 4.0 0.0 4.9 0.0 5.0 7.6 29.7 
















































Fairfield 2.0 1.8 2.0 2.9 2.0 2.9 2.0 2.9 2.0 2.8 3.1 3.0 
Florence 23.1 23.6 27.1 25.9 27.1 25.9 27.1 25.9 27.1 24.9 35.9 38.6 
Georgetown 6.8 6.2 7.2 7.5 7.2 7.5 7.2 7.5 7.8 7.6 9.2 10.2 
Greenville 38.0 46.4 40.0 49.6 40.0 49.6 42.1 49.0 44.0 58.8 83.6 128.3 
Greenwood 9.2 10.6 9.3 10.6 9.3 10.6 9.3 9.6 11.4 12.6 19.1 21.7 
Hampton 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.5 
Horry 4.5 8.2 4.5 9.6 4.5 9.6 7.7 11.0 7.5 10.6 14.7 23.0 
Jasper 0.4 0.6 0.5 0.6 0.5 0.6 0.5 0.6 0.5 0.6 0.1 1.2 
Kershaw 1.8 1.3 2.2 1.3 2.2 1.3 2.2 1.3 2.9 2.3 6.6 8.1 
Lancaster 5.0 6.9 7.0 6.9 7.0 6.9 7.0 6.9 7.0 8.0 14.2 13.3 
Laurens 6.4 6.0 6.4 6.0 6.4 6.0 7.4 6.0 7.5 7.7 14.9 11.3 
Lee 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.3 
Lexington 5.9 14.4 9.0 16.2 9.0 16.2 13.2 22.6 8.8 17.1 25.1 48.6 
Marion 7.5 7.4 7.5 7.4 7.5 7.4 7.5 7.4 8.6 7.5 9.7 7.7 
Marlboro 5.9 4.4 7.0 4.5 7.0 4.5 7.0 4.5 7.1 4.5 9.1 6.5 
McCormick 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Newberry 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 4.5 2.4 6.8 5.4 
Oconee 2.1 1.3 2.1 3.3 2.1 3.3 4.3 4.7 3.1 6.9 6.6 8.9 
Orangeburg 19.3 16.9 19.3 17.4 19.3 17.4 19.3 17.4 19.4 17.7 21.2 21.2 
Pickens 3.9 6.5 3.9 6.5 3.9 6.5 6.5 7.4 6.0 11.2 8.4 14.1 
















































Saluda 1.1 0.1 1.1 0.1 1.1 0.1 1.1 0.1 1.1 0.1 1.2 0.2 
Spartanburg 29.2 37.9 31.6 41.5 31.6 41.5 35.7 41.5 33.8 45.5 62.1 86.3 
Sumter 13.5 18.9 15.1 19.1 15.1 19.1 15.1 19.1 15.2 19.3 24.5 34.7 
Union 2.0 4.0 3.0 4.6 3.0 4.6 3.0 3.6 4.3 5.5 6.0 7.0 
Williamsburg 1.1 1.0 1.1 1.2 1.1 1.2 1.1 1.2 1.3 1.3 1.4 1.3 
York 10.6 13.5 10.6 15.1 10.6 15.1 11.6 18.1 11.7 18.9 21.9 39.0 
Total # of 
BGs: 
438.8 519.6 479.1 564.4 479.1 564.4 501.9 575.2 522.8 627.3 818.1 1078.9 






















































































Abbeville 1.0 3.1 1.0 3.1 1.0 3.1 1.0 1.1 5.9 7.3 8.9 10.3 
Aiken 5.1 8.5 6.1 9.5 6.1 9.5 6.5 9.5 20.3 26.9 26.6 37.1 
Allendale 8.2 7.6 8.2 7.6 8.2 7.6 8.2 7.6 9.2 8.6 7.4 8.6 
Anderson 1.4 3.0 1.4 3.0 1.4 3.0 5.0 5.4 7.5 10.8 8.4 11.1 
Bamberg 7.6 9.5 8.6 9.5 8.6 9.5 8.6 8.5 12.6 13.4 11.6 15.3 
Barnwell 6.7 8.7 8.7 9.6 8.7 9.6 8.7 9.6 12.8 13.4 14.9 15.3 
Beaufort 10.3 11.3 10.9 12.3 10.9 12.3 10.9 11.3 15.0 13.6 19.5 25.8 
Berkeley 9.0 9.0 11.9 10.7 11.9 10.7 11.9 13.7 20.0 22.8 25.5 29.2 
Calhoun 5.0 3.0 7.0 4.0 7.0 4.0 7.0 4.0 11.0 11.0 11.0 11.0 
Charleston 17.4 11.2 22.4 12.2 22.4 12.2 22.4 12.2 31.1 22.3 32.9 28.5 
Cherokee 0.0 0.3 0.5 1.1 0.5 1.1 0.5 1.1 3.3 7.3 5.2 6.5 
Chester 1.1 1.8 2.1 1.8 2.1 1.8 2.1 1.8 7.1 8.8 13.1 13.8 
Chesterfield 2.7 6.6 3.7 6.6 3.7 6.6 3.7 6.6 18.5 18.5 20.5 23.4 
Clarendon 15.7 16.6 16.7 16.6 16.7 16.6 16.7 16.6 20.6 20.6 20.6 22.2 
Colleton 7.9 7.2 8.9 9.2 8.9 9.2 8.9 9.2 16.7 15.6 22.9 20.6 
Darlington 11.7 14.7 12.7 16.7 12.7 16.7 12.0 16.7 22.4 28.6 27.6 29.5 
Dillon 9.6 13.4 9.6 13.4 9.6 13.4 9.6 11.4 17.5 20.3 19.4 20.3 
Dorchester 6.0 6.0 10.0 8.0 10.0 8.0 10.0 8.1 17.1 17.1 16.4 17.3 
Edgefield 5.8 6.8 8.8 8.8 8.8 8.8 8.8 8.8 10.8 11.8 10.9 13.8 
















































Florence 11.9 14.4 14.9 17.1 14.9 17.1 13.9 17.1 28.1 39.6 35.1 42.4 
Georgetown 8.2 8.8 10.8 9.5 10.8 9.5 10.8 9.5 14.7 16.6 16.8 16.8 
Greenville 2.0 0.6 2.0 2.4 2.0 2.4 3.9 4.0 4.2 11.2 8.4 12.7 
Greenwood 0.8 3.4 1.7 3.4 1.7 3.4 1.7 3.4 8.2 8.8 11.9 12.3 
Hampton 7.9 7.9 7.9 8.9 7.9 8.9 7.9 8.9 11.8 12.6 13.7 14.5 
Horry 5.5 6.8 6.5 7.4 6.5 7.4 12.3 12.0 20.3 22.7 25.3 28.0 
Jasper 8.6 8.4 10.5 9.4 10.5 9.4 10.5 9.4 12.5 11.9 11.9 13.8 
Kershaw 2.2 1.7 3.8 2.7 3.8 2.7 3.8 2.7 10.8 14.1 16.4 20.9 
Lancaster 0.0 1.1 1.0 1.1 1.0 1.1 1.0 1.1 5.6 10.3 11.8 15.7 
Laurens 2.6 5.0 2.6 6.0 2.6 6.0 2.6 6.0 12.2 16.3 17.1 22.7 
Lee 11.6 11.6 13.6 11.6 13.6 11.6 13.6 11.6 16.6 15.6 15.7 14.7 
Lexington 3.1 1.6 4.0 2.8 4.0 2.8 6.8 4.4 6.9 9.3 12.9 13.4 
Marion 12.5 14.6 14.5 14.6 14.5 14.6 14.5 13.6 19.4 21.3 21.3 22.3 
Marlboro 5.1 7.6 9.0 9.5 9.0 9.5 9.0 8.5 16.8 15.5 17.9 17.5 
McCormick 6.0 5.0 6.0 5.0 6.0 5.0 8.0 5.0 8.0 7.0 7.0 7.0 
Newberry 0.7 4.7 0.7 4.7 0.7 4.7 0.7 4.7 10.2 11.6 14.2 15.6 
Oconee 0.9 0.7 0.9 0.7 0.9 0.7 1.7 1.3 1.7 7.1 3.4 3.1 
Orangeburg 28.7 30.1 30.7 34.6 30.7 34.6 30.7 34.6 45.0 49.8 48.8 50.8 
Pickens 1.1 3.5 1.1 3.5 1.1 3.5 1.5 3.6 2.0 4.8 1.6 4.9 
Richland 16.0 14.8 18.0 19.3 18.0 19.3 18.0 19.3 25.1 25.4 26.6 27.8 
Saluda 2.9 6.9 3.9 6.9 3.9 6.9 3.9 4.9 5.9 8.8 7.8 10.8 
















































Sumter 11.5 15.1 14.9 16.9 14.9 16.9 14.9 16.9 26.2 25.7 26.5 29.3 
Union 1.0 1.0 2.0 2.4 2.0 2.4 2.0 2.4 6.6 6.9 10.0 10.0 
Williamsburg 19.9 22.0 20.9 23.8 20.9 23.8 20.9 22.8 25.7 29.7 27.6 29.7 
York 3.4 3.5 3.4 3.9 3.4 3.9 3.4 3.9 6.9 7.5 9.1 9.0 
Total # of 
BGs: 
318.2 360.4 377.9 405.6 377.9 405.6 395.1 408.8 651.4 734.1 770.9 854.1 






























































































0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.30 0.00 0.00 NA NA 







0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NA NA 
Some 
Other Race 























































397.46 423.92 448.24 492.61 448.24 492.61 470.87 512.78 472.20 551.10 NA NA 
Hispanic 
Ethnicity 




131.26 190.19 131.26 190.19 131.26 190.19 125.11 186.50 345.82 421.76 NA NA 
Minority NA NA NA NA NA NA NA NA NA NA 798.65 1039.71 
Low-
Income 
NA NA NA NA NA NA NA NA NA NA 309.61 394.09 
English 
Proficiency 
NA NA NA NA NA NA NA NA NA NA 6.49 82.81 
Foreign-
Born 
NA NA NA NA NA NA NA NA NA NA 8.28 NA 
Total EJ 
Comm.* 
438.83 519.57 479.10 564.40 479.10 564.40 501.93 575.24 522.83 627.35 818.12 1078.85 
 
*Block groups can contain more than one EJ category and are not mutually exclusive. As a result, total EJ communities do not equal 
the sum of the column. 






























































1.00 1.70 1.00 1.70 1.00 1.70 1.00 0.70 0.00 0.00 NA NA 







0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 NA NA 
Some 
Other Race 





















































297.54 289.08 371.76 366.39 371.76 366.39 387.13 376.22 622.00 630.37 NA NA 
Hispanic 
Ethnicity 




35.74 92.81 35.74 92.81 35.74 92.81 18.89 70.50 244.18 382.24 NA NA 
Minority NA NA NA NA NA NA NA NA NA NA 760.35 819.29 
Low-
Income 
NA NA NA NA NA NA NA NA NA NA 134.39 249.91 
English 
Proficiency 
NA NA NA NA NA NA NA NA NA NA 3.51 12.19 
Foreign-
Born 
NA NA NA NA NA NA NA NA NA NA 3.72 NA 
Total EJ 
Comm.* 
318.17 360.43 377.90 405.60 377.90 405.60 395.07 408.76 651.38 734.12 770.88 854.15 
 
*Block groups can contain more than one EJ category and are not mutually exclusive. As a result, total EJ communities do not equal 
the sum of the column. 






Figure 5.5: 2000 urban and rural EJ communities delineated using  




Figure 5.6: 2010 urban and rural EJ communities delineated using  
















Figure 5.9: 2000 urban and rural EJ communities delineated using  




Figure 5.10: 2010 urban and rural EJ communities delineated using  





Figure 5.11: 2000 urban and rural EJ communities delineated using  




Figure 5.12: 2010 urban and rural EJ communities delineated using  











































2000 NY 2000 MA 
2000 
USEPA 
1 0.854401 0.854401 0.790595 0.746886 0.356623 
2000 
USA  











   
1 0.787253 0.448791 
2000 
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1 0.445193 
2000 
























2010 NY 2010 MA 
2010 
USEPA 
1 0.891878 0.891878 0.826324 0.702073 0.36783 
2010 
USA  











   
1 0.762337 0.421761 
2010 
NY     
1 0.44472 
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2000 NY 2000 MA 
2000 
USEPA 
1 0.844756 0.844756 0.812345 0.528199 0.433224 
2000 
USA  











   
1 0.646856 0.528634 
2000 
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1 0.801596 
2000 

































2010 NY 2010 MA 
2010 
USEPA 
1 0.881286 0.881286 0.835947 0.508612 0.443052 
2010 
USA  











   
1 0.565008 0.491866 
2010 
NY     
1 0.805661 
2010 




























































































Barren Land 168.75 0.53 170.47 0.53 
Cultivated Crops 2,459.65 7.68 2,422.91 7.57 
Deciduous Forest 4,041.76 12.63 3,954.34 12.35 
Developed, High Intensity 71.15 0.22 89.53 0.28 
Developed, Low Intensity 677.63 2.12 755.31 2.36 
Developed, Medium Intensity 190.36 0.59 267.85 0.84 
Developed, Open Space 1,791.11 5.59 1,843.34 5.76 
Emergent Herbaceous 
Wetlands 
969.92 3.03 1,051.06 3.28 
Evergreen Forest 7,215.48 22.54 6,650.36 20.77 
Hay/Pasture 2,640.14 8.25 2,409.76 7.53 
Herbaceous 1,746.68 5.46 1,807.66 5.65 
Mixed Forest 435.08 1.36 383.76 1.20 
Open Water 1,915.60 5.98 1,926.83 6.02 
Shrub/Scrub 1,662.41 5.19 2,350.92 7.34 
Unclassified 13.54 0.04 13.54 0.04 
Woody Wetlands 6,013.71 18.79 5,915.16 18.48 


























Barren Land 92.31 14.00 0.45 96.69 14.00 0.45 
Cultivated Crops 2017.12 3.00 9.86 2097.46 3.00 9.84 
Deciduous Forest 1497.50 4.00 7.32 1621.11 5.00 7.61 
Developed, High 
Intensity 40.34 15.00 0.20 63.07 15.00 0.30 
Developed, Low 
Intensity 343.83 11.00 1.68 459.57 11.00 2.16 
Developed, Medium 
Intensity 103.48 13.00 0.51 175.45 13.00 0.82 
Developed, Open Space 916.67 8.00 4.48 1066.80 8.00 5.01 
Emergent Herbaceous 
Wetlands 724.35 10.00 3.54 813.23 9.00 3.82 
Evergreen Forest 5088.88 1.00 24.89 4723.08 2.00 22.16 
Hay/Pasture 1305.43 5.00 6.38 1306.69 6.00 6.13 
Herbaceous 1008.91 7.00 4.93 1133.12 7.00 5.32 
Mixed Forest 258.71 12.00 1.27 239.98 12.00 1.13 
Open Water 887.32 9.00 4.34 627.68 10.00 2.94 
Shrub/Scrub 1273.77 6.00 6.23 1864.32 4.00 8.75 
Woody Wetlands 4888.72 2.00 23.91 5026.25 1.00 23.58 





















"Every American deserves to have a clean, safe and healthy environment. Today, 
we understand better than ever before that our health is not only dependent on what 
happens in the doctor’s office but is determined by the air we breathe, the water we 
drink and the communities we call home." -- Kathleen Sebelius, US Health and Human 
Services (USHHS) Secretary (USHHS 2014) 
Conclusion 
The overall goals of this study were to analyze different geographic results of 
governmental EJ guidelines. This research demonstrated that there are significant 
differences amongst EJ guidelines when analyzing potential EJ populations and when 
potential EJ populations were identified in urban and rural areas. When accounting for 
Census year, this assessment also held true. However, there were no significant 
differences between governmental EJ guidelines when comparing identified populations 
having fish consumption advisory waterbodies, even when accounting for sample year. 
When analyzing the most conservative (in terms of the highest number of identified EJ 
populations) EJ guideline, LULC classes within its geographic footprint yielded statistical 
differences between identified classes. Geographically and numerically there were 
similarities in terms of potential EJ population locations within the state and in terms of 
207 
total EJ population counts. This study revealed where potential populations were 
present and offered a firm footing for continuing this research. For instance, additional 
EJ guidelines may be analyzed in the study area, or Census data from 1990 may be 
analyzed to track changes over the three time periods, or EJ population projections may 
be included for 2015, 2020, 2030, etc. 
While significant differences were identified between guidelines, specific 
differences (where there were differences) cannot be shown in this study. As a result of 
this and when no significant differences between guidelines were present (as was the 
case when analyzing guideline-identified populations with fish consumption advisory 
waterbodies), acknowledging a leading (or best) EJ guideline is somewhat subjective. 
While more research needs to be conducted to tease out the best guideline in 
recognizing appropriate communities, this study recommends a compromise between 
identifying possibly too few EJ communities (e.g., USEPA EJ guideline) and recognizing 
possibly too many EJ populations (e.g., MA EJ guideline). A recommendation to use 
either the USA/USNRC state average guideline or the USNRC county average guidance 
would probably allow for populations to be appropriately screened depending on the 
relative scale of potential impact. Utilizing different urban and rural thresholds, as in the 
NY criteria, may also prove helpful as there were significant differences identified. 
Including additional EJ categories like language and foreign-born status may prove 
useful in more metropolitan areas (e.g., New York City, Atlanta, Houston, Los Angeles, 
etc.), but in SC they may not identify greater numbers of significant EJ populations to 
offset the additional level of screening analysis time and effort. However, it must be 
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noted that these are only screening level analyses. Regular assessments and reviews are 
necessary to account for periodic demographic shifts and changing populations (Burger 
et al. 2010). Positively identifying EJ populations requires definitive proof of 
environmental burdens on these communities. Even then, using spatial analyses like 
these do not guarantee a conclusive relationship between identified populations and 
possible health effects (Maantay 2002).     
Despite focusing on the state of SC, the guidelines and overall approach followed 
in this study can certainly be applied to other areas around the country. This research 
may even be applicable to topics outside of the traditional EJ purview of analyzing TRI 
locations, hazardous waste sites, landfills, etc. As EJ continues to expand into other 
areas with more public health-related foci (e.g., food deserts, access to physical activity 
supports, location of healthy food sources, etc.), many more research topics will be 
explored. Future EJ needs and investigations will more than likely focus in areas of: 
property rights and gentrification as development often causes neighborhood change 
and may even displace individuals living in urban and rural areas being developed 
(Halfacre et al. 2010; Myerson 2006; Zukin 1987); climate change and climate justice in 
which coastal communities and many countries around the globe will suffer due to 
rising sea level and changes in weather patterns (National Association for the 
Advancement of Colored People [NAACP] 2015; USEPA 2015a; Gostin 2007); and, 
planetary rights in which basic human rights in terms of the environment must be 
protected for future generations (Hiskes 2005; Weiss 1984; UN 1948). With EJ 
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expanding, there is a clear need for more research, recommendations, and guidance in 
an ever changing environment. 
Moving forward, there are some basic recommendations put forth by EJ 
researchers and leaders in the field. One of the primary recommendations is by 
Spartanburg County Administrator Jim Hartmann about the ReGenesis Project in SC. He 
recommends working with community activists whenever possible and building 
partnerships and relationships with community members (Fleming 2004). Another set of 
recommendations is put forth by Stokes et al. (2010) where they recommend: doing 
one’s homework (e.g., know who the stakeholders are, study alternatives, etc.); being 
part of decision-making (e.g., in land use decisions, in legal decisions, being a voice, 
etc.); being part of grassroots efforts (e.g., become involved, be on committees, etc.); 
and negotiating (e.g., making concessions, asking for guarantees for property values, 
modifying plans, etc.). Other suggestions include green planning and smart growth 
initiatives, forming preservation areas and land banks, and zoning with public health and 
urban planning in mind (Wilson et al. 2008). Still others recommend taking 
environmental protection to the level of civil rights (Faber et al. 2002).   
Efforts are and have been underway to address many of these concerns and 
recommendations. Plan EJ 2014 was put into place by the USEPA to address how to 
better incorporate EJ into everyday processes. Specifically, this plan looked at ways to 
incorporate EJ into permitting and rulemaking, while aiding community-based programs 
and utilizing compliance and enforcement actions to propagate EJ initiatives (Forrest 
2013). Even the EJSEAT tool was built upon by the Environmental Justice Screening 
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Method (EJSM) in which health, social stressors, and environmental cumulative effects 
are analyzed (Sadd et al. 2011). Building on all of this is EJ 2020. Under this plan, the 
USEPA’s goal is to collaborate more with community partners, show progress to 
affected communities, and improve overburdened communities in terms of health and 
the environment (Olp 2015; USEPA 2015b). EJ continues to advance within government 
and within the communities it strives to protect. 
However, Northridge and Shepard (1997) sum up EJ research best when they 
mention that there is a need to “…consider all populations threatened by environmental 
hazards…” EJ may have started out addressing minority and low-income population 
burdens and should continue to do so. Yet, it has evolved and should advance further to 
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Table D.1: LULC Class Changes from 2001 to 2011. 
 
2001 to 2011 LULC Class Changes Miles2 
Blank 13.5420 
Open Water to Open Water 1907.2608 
Open Water to Developed, Open Space 0.5002 
Open Water to Developed, Low Intensity 0.3427 
Open Water to Developed, Medium Intensity 0.2028 
Open Water to Developed, High Intensity 0.0587 
Open Water to Barren Land 1.8259 
Open Water to Deciduous Forest 0.2074 
Open Water to Evergreen Forest 0.4191 
Open Water to Mixed Forest 0.0017 
Open Water to Shrub/Scrub 0.5143 
Open Water to Grassland/Herbaceous 0.7083 
Open Water to Pasture/Hay 0.2096 
Open Water to Cultivated Crops 0.1961 
Open Water to Woody Wetlands 1.0186 
Open Water to Emergent Herbaceous Wetlands 2.2985 
Developed, Open Space to Open Water 0.0052 
Developed, Open Space to Developed, Open Space 1744.1164 
Developed, Open Space to Developed, Low Intensity 17.7168 
Developed, Open Space to Developed, Medium Intensity 26.7019 
Developed, Open Space to Developed, High Intensity 4.4286 
Developed, Open Space to Barren Land 0.0668 
Developed, Open Space to Deciduous Forest 0.0057 
Developed, Open Space to Evergreen Forest 0.0436 
Developed, Open Space to Mixed Forest 0.0014 
Developed, Open Space to Shrub/Scrub 0.1241 
Developed, Open Space to Grassland/Herbaceous 0.1573 
Developed, Open Space to Pasture/Hay 0.0055 
Developed, Open Space to Cultivated Crops 0.0195 
Developed, Open Space to Woody Wetlands 0.0119 
Developed, Open Space to Emergent Herbaceous Wetlands 0.0241 
Developed, Low Intensity to Open Water 0.0038 
Developed, Low Intensity to Developed, Open Space 3.8115 
Developed, Low Intensity to Developed, Low Intensity 651.8644 
Developed, Low Intensity to Developed, Medium Intensity 16.6222 
Developed, Low Intensity to Developed, High Intensity 5.4674 
Developed, Low Intensity to Barren Land 0.0117 
Developed, Low Intensity to Deciduous Forest 0.0054 
354 
 
Developed, Low Intensity to Evergreen Forest 0.0073 
Developed, Low Intensity to Shrub/Scrub 0.0195 
Developed, Low Intensity to Grassland/Herbaceous 0.0273 
Developed, Low Intensity to Pasture/Hay 0.0007 
Developed, Low Intensity to Cultivated Crops 0.0007 
Developed, Low Intensity to Woody Wetlands 0.0007 
Developed, Low Intensity to Emergent Herbaceous Wetlands 0.0058 
Developed, Medium Intensity to Developed, Open Space 0.2631 
Developed, Medium Intensity to Developed, Low Intensity 2.2583 
Developed, Medium Intensity to Developed, Medium Intensity 185.5752 
Developed, Medium Intensity to Developed, High Intensity 2.5486 
Developed, Medium Intensity to Barren Land 0.0010 
Developed, Medium Intensity to Evergreen Forest 0.0044 
Developed, Medium Intensity to Shrub/Scrub 0.0056 
Developed, Medium Intensity to Grassland/Herbaceous 0.0037 
Developed, Medium Intensity to Emergent Herbaceous 
Wetlands 0.0007 
Developed, High Intensity to Developed, Open Space 0.0069 
Developed, High Intensity to Developed, Low Intensity 0.0888 
Developed, High Intensity to Developed, Medium Intensity 1.8451 
Developed, High Intensity to Developed, High Intensity 69.2818 
Developed, High Intensity to Evergreen Forest 0.0007 
Developed, High Intensity to Shrub/Scrub 0.0006 
Developed, High Intensity to Grassland/Herbaceous 0.0017 
Developed, High Intensity to Emergent Herbaceous Wetlands 0.0010 
Barren Land to Open Water 4.7795 
Barren Land to Developed, Open Space 1.5493 
Barren Land to Developed, Low Intensity 1.7851 
Barren Land to Developed, Medium Intensity 1.0928 
Barren Land to Developed, High Intensity 0.3876 
Barren Land to Barren Land 122.5724 
Barren Land to Deciduous Forest 5.1264 
Barren Land to Evergreen Forest 16.6980 
Barren Land to Mixed Forest 0.0394 
Barren Land to Shrub/Scrub 7.6525 
Barren Land to Grassland/Herbaceous 2.8707 
Barren Land to Pasture/Hay 2.9514 
Barren Land to Cultivated Crops 0.5229 
Barren Land to Woody Wetlands 0.4316 
Barren Land to Emergent Herbaceous Wetlands 0.5341 
Deciduous Forest to Open Water 1.6744 
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Deciduous Forest to Developed, Open Space 18.2920 
Deciduous Forest to Developed, Low Intensity 11.0649 
Deciduous Forest to Developed, Medium Intensity 4.8290 
Deciduous Forest to Developed, High Intensity 1.0289 
Deciduous Forest to Barren Land 3.9515 
Deciduous Forest to Deciduous Forest 3809.2128 
Deciduous Forest to Evergreen Forest 13.9986 
Deciduous Forest to Mixed Forest 0.1853 
Deciduous Forest to Shrub/Scrub 49.4793 
Deciduous Forest to Grassland/Herbaceous 117.1866 
Deciduous Forest to Pasture/Hay 1.6270 
Deciduous Forest to Cultivated Crops 4.8871 
Deciduous Forest to Woody Wetlands 4.5048 
Deciduous Forest to Emergent Herbaceous Wetlands 0.9406 
Evergreen Forest to Open Water 2.7666 
Evergreen Forest to Developed, Open Space 23.3484 
Evergreen Forest to Developed, Low Intensity 23.4668 
Evergreen Forest to Developed, Medium Intensity 10.8337 
Evergreen Forest to Developed, High Intensity 1.7809 
Evergreen Forest to Barren Land 15.8893 
Evergreen Forest to Deciduous Forest 6.0720 
Evergreen Forest to Evergreen Forest 6066.4617 
Evergreen Forest to Mixed Forest 0.6669 
Evergreen Forest to Shrub/Scrub 570.0159 
Evergreen Forest to Grassland/Herbaceous 464.3672 
Evergreen Forest to Pasture/Hay 2.0827 
Evergreen Forest to Cultivated Crops 14.5703 
Evergreen Forest to Woody Wetlands 2.9012 
Evergreen Forest to Emergent Herbaceous Wetlands 3.3337 
Mixed Forest to Open Water 0.1552 
Mixed Forest to Developed, Open Space 2.0220 
Mixed Forest to Developed, Low Intensity 1.9665 
Mixed Forest to Developed, Medium Intensity 0.9470 
Mixed Forest to Developed, High Intensity 0.1252 
Mixed Forest to Barren Land 1.2143 
Mixed Forest to Deciduous Forest 0.7194 
Mixed Forest to Evergreen Forest 3.4864 
Mixed Forest to Mixed Forest 381.4265 
Mixed Forest to Shrub/Scrub 21.3122 
Mixed Forest to Grassland/Herbaceous 20.7112 
Mixed Forest to Pasture/Hay 0.2532 
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Mixed Forest to Cultivated Crops 1.7673 
Mixed Forest to Woody Wetlands 0.5240 
Mixed Forest to Emergent Herbaceous Wetlands 0.2206 
Shrub/Scrub to Open Water 1.4826 
Shrub/Scrub to Developed, Open Space 6.8533 
Shrub/Scrub to Developed, Low Intensity 7.5612 
Shrub/Scrub to Developed, Medium Intensity 2.8595 
Shrub/Scrub to Developed, High Intensity 0.6145 
Shrub/Scrub to Barren Land 5.9855 
Shrub/Scrub to Deciduous Forest 6.2678 
Shrub/Scrub to Evergreen Forest 170.8625 
Shrub/Scrub to Mixed Forest 0.4968 
Shrub/Scrub to Shrub/Scrub 1411.9232 
Shrub/Scrub to Grassland/Herbaceous 43.7411 
Shrub/Scrub to Pasture/Hay 0.5314 
Shrub/Scrub to Cultivated Crops 2.6547 
Shrub/Scrub to Woody Wetlands 0.9092 
Shrub/Scrub to Emergent Herbaceous Wetlands 0.4383 
Grassland/Herbaceous to Open Water 3.0530 
Grassland/Herbaceous to Developed, Open Space 12.7081 
Grassland/Herbaceous to Developed, Low Intensity 11.3620 
Grassland/Herbaceous to Developed, Medium Intensity 4.1973 
Grassland/Herbaceous to Developed, High Intensity 0.8519 
Grassland/Herbaceous to Barren Land 6.4238 
Grassland/Herbaceous to Deciduous Forest 75.4413 
Grassland/Herbaceous to Evergreen Forest 285.9972 
Grassland/Herbaceous to Mixed Forest 1.4830 
Grassland/Herbaceous to Shrub/Scrub 183.8627 
Grassland/Herbaceous to Grassland/Herbaceous 1131.7072 
Grassland/Herbaceous to Pasture/Hay 3.0944 
Grassland/Herbaceous to Cultivated Crops 14.0609 
Grassland/Herbaceous to Woody Wetlands 8.5013 
Grassland/Herbaceous to Emergent Herbaceous Wetlands 1.6547 
Pasture/Hay to Open Water 1.1251 
Pasture/Hay to Developed, Open Space 17.0361 
Pasture/Hay to Developed, Low Intensity 9.9817 
Pasture/Hay to Developed, Medium Intensity 4.5537 
Pasture/Hay to Developed, High Intensity 1.5603 
Pasture/Hay to Barren Land 3.4606 
Pasture/Hay to Deciduous Forest 50.3534 
Pasture/Hay to Evergreen Forest 68.0548 
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Pasture/Hay to Mixed Forest 0.0593 
Pasture/Hay to Shrub/Scrub 58.2878 
Pasture/Hay to Grassland/Herbaceous 13.6468 
Pasture/Hay to Pasture/Hay 2395.2264 
Pasture/Hay to Cultivated Crops 12.7959 
Pasture/Hay to Woody Wetlands 2.6899 
Pasture/Hay to Emergent Herbaceous Wetlands 0.2423 
Cultivated Crops to Open Water 0.7383 
Cultivated Crops to Developed, Open Space 4.2014 
Cultivated Crops to Developed, Low Intensity 4.9635 
Cultivated Crops to Developed, Medium Intensity 2.8107 
Cultivated Crops to Developed, High Intensity 0.8871 
Cultivated Crops to Barren Land 2.0557 
Cultivated Crops to Deciduous Forest 2.5800 
Cultivated Crops to Evergreen Forest 19.6277 
Cultivated Crops to Mixed Forest 0.1857 
Cultivated Crops to Shrub/Scrub 37.1615 
Cultivated Crops to Grassland/Herbaceous 9.5732 
Cultivated Crops to Pasture/Hay 4.6431 
Cultivated Crops to Cultivated Crops 2367.6979 
Cultivated Crops to Woody Wetlands 2.6209 
Cultivated Crops to Emergent Herbaceous Wetlands 0.3033 
Woody Wetlands to Open Water 2.2573 
Woody Wetlands to Developed, Open Space 8.4251 
Woody Wetlands to Developed, Low Intensity 9.8186 
Woody Wetlands to Developed, Medium Intensity 3.6203 
Woody Wetlands to Developed, High Intensity 0.6137 
Woody Wetlands to Barren Land 6.1511 
Woody Wetlands to Deciduous Forest 0.4948 
Woody Wetlands to Evergreen Forest 2.2773 
Woody Wetlands to Mixed Forest 0.0373 
Woody Wetlands to Shrub/Scrub 5.1913 
Woody Wetlands to Grassland/Herbaceous 2.6465 
Woody Wetlands to Pasture/Hay 0.8283 
Woody Wetlands to Cultivated Crops 3.5485 
Woody Wetlands to Woody Wetlands 5830.4015 
Woody Wetlands to Emergent Herbaceous Wetlands 139.9665 
Emergent Herbaceous Wetlands to Open Water 1.5319 
Emergent Herbaceous Wetlands to Developed, Open Space 1.1026 
Emergent Herbaceous Wetlands to Developed, Low Intensity 1.1123 




Emergent Herbaceous Wetlands to Developed, High Intensity 0.0797 
Emergent Herbaceous Wetlands to Barren Land 0.9354 
Emergent Herbaceous Wetlands to Deciduous Forest 0.0199 
Emergent Herbaceous Wetlands to Evergreen Forest 0.4683 
Emergent Herbaceous Wetlands to Mixed Forest 0.0024 
Emergent Herbaceous Wetlands to Shrub/Scrub 0.7359 
Emergent Herbaceous Wetlands to Grassland/Herbaceous 0.2378 
Emergent Herbaceous Wetlands to Pasture/Hay 0.0177 
Emergent Herbaceous Wetlands to Cultivated Crops 0.4531 
Emergent Herbaceous Wetlands to Woody Wetlands 61.5575 
Emergent Herbaceous Wetlands to Emergent Herbaceous 
Wetlands 901.4994 
Total Area: 32012.9803 
 
 
 
 
 
